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SECTION  THIRD. 

Concerning  Burned  Bodies , Oxides , or  Acids . 


Article  I. 

Or  Combuftion.  General  Conjideratiom  refpe&ing  the 

Oxides,  and  the  Acids . 

i.  W E have  feen,  in  the  fourth  and  fifth 
articles  of  the  preceding  fection,  that  combuf- 
tion, which  is  confidered  by  fociety  in  general, 
as  a collection  of  light,  of  heat,  and  of  mo- 
tion, decomposing  fuch  bodies  as  they  aét  upon, 
is  iliown  by  chemifts,  to  be  a true  combination 
of  the  combuftible  fubftances  with  oxigen,  and 
that  it  more  efpecially  confifts  in  this  combina- 
tion ; that  oxigen  gas,  by  lofing  its  form,  and 
Vol.  IL  B fuffering 
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fuffering  its  folvcnt  to  efcape  in  light  and  heat, 
moft  commonly  ahumes  the  folid  ffafce  of  the 
co  mb  u ft  idles, — is  fixed  more  or  lefs  ftrongly, — - 
unites  with  them  in  various  proportions,  and 
adheres  .with  different  degrees  of  power;  that 
fometimes,  on  the  contrary,  the  bodies  them» 
felves  are  fufed,  volatilized,  and  diffolved  in  the 
oxigen  gas,  fo  as  to  partake  of  its  elaftic  fluidi- 
ty; that  we  can  form  a judgment  of  the  degree 
of  the  folidity  of  the  oxigen  in  burned  bodies, 
by  eftimating  the  quantity  of  caloric  thus  dif- 
en gaged  ;.  that  the  oxigen  having  different  de- 
grees of  elective  attraction  for  the  various  com- 
buftibles,  it  is  poffible,  hv  means  of  fome  of 
thefe,  to  decompole  others  which  have  already 
been  burned  ; that  this  phenomenon,  termed  in 
general  decombuftion,  is  favoured  by  the  con- 
tact of  light  ; that  an  accumulation  of  caloric, 
more  efpecially  when  it  a6ts  at  the  fame  time  as 
light,  is  frequently  capable  of  unburning  oxi- 
genated  bodies,  without  the  addition  of  other 
combuftible  matters  ; that  oxiaem  not  onlv 
unites  in  different  dofes  with  each  of  the  com- 
buftible bodies,  under  like  circumftances,  but 
alfo  combines,  in  various  proportions,,  with  each, 
of  them  lingiy,  according  to  the  manner  in 
which  the  combuftion  is  effected  ; that  the  dif- 
ferent portions  of  oxigen  may  be  fuppofed,  in 
thought,  to  be  divided  in  the  body  thus  fatu- 
rated,  in  the  fame  manner  as  they  can  be  fepa- 
rated  and  united  ; that  thefe  adhere  with  different 
degrees  of  force,  and,  in  general,  according  to 

one 
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one  of  the  laws  of  attraction  in  the  inverfe  ratio 
of  the  faturation.  Thofe  data,  obtained  by  the 
labours  of  the  modern  French  chemifts,  lead  us 
to  a knowledge  of  the  properties  of  burned  bo- 
dies. 

2.  Whenever,  in  the  laft  feCtion,  any  fimple 
combuftible  body  was  particularly  to  be  treated, 
care  was  taken,  in  defcribing  the  phenomena  of 
its  combuftion,  to  announce  the  . refult,  or  the 
product  which  is  always  much  heavier  than  the 
fir  ft  body,  becaufe  oxigeh  has  been  added.  To 
defignate  this  product,  the  terms  oxides  and 
acids  have  been  ufed,  and,  as  thefe  two  names 
only  have  been  ufed  in  exhibiting  all  the  re- 
faits of  the  combuftion  of  fimple  bodies  hitherto 
treated,  we  have,  in  effeCt  afferted,  in  other 
terms,  that  all  the  compounds  of  combufti- 
bles  and  oxigen,  are  either  oxides  or  acids;  and, 

in  truth,  when  we  confider  the  whole  of  the  in- 

\ 

flammable  matters,  prefented  by  Nature  in  their 
burned  ftate,  we  invariably  difcover  either  ox- 
ides or  acids. 

3.  The  general  term  oxide,  is  applied  to  fuch 
oxigenated  bodies  as  are  not  acids,  that  is  to 
fay,  which  have  not  an  acid  tafte,  a ftrong  at- 
traction, and  the  other  characteriftic  properties 
of  this  clafs  of  beings.  Modern  chemiftry,  by 
deftgnating  thefe  oxigenated  bodies  under  the 
name  of  oxides,  has  intended  to  fhow  that  thefe 
compounds  hâve,  neverthelefs,  analogies  more 
or  lefs  marked  with  the  acids;  and  that  v7e 
may  even  confider  them  as  fuch,  as  thev  have 
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tlie  fame  habitudes  in  various  combinations, 
and  are  fubject  to  the  fame  kind  of  attractions. 
There  facts  are  exprefifed  by  the  etymologic  ori- 
gin of  this  word,  and  its  termination  which  re- 
fembles  that  of  the  acids. 

4.  We  may  diflinguifh  two  genera  of  oxides, 
or  oxigenated  bodies,  which  are  not  acid.  The 
one,  in  fact,  remain  always  fucli,  and  never  pals 
to  the  ftate  of  acidity  : in  whatever  manner 
they  may  be  treated,  they  are  not  acidi  fable. 
The  other  are  only  a kind  of  intermediate  paf- 
fage,  between  the  ftate  of  a combuftible  body 
and  that  of  acidity.  They  are  oxides  only, 
becaufe  they  yet  contain  too  fmall  a propor- 
tion of  oxigen  to  become  acids.  They  are  ca- 
pable of  acidification,  if  oxigen  be  added  to 
them. 

5.  Among  the  oxides,  properly  fo  called, 
which  cannot  pals  to  the  ftate  of  acids,  we  muft 
reckon  the  oxide  of  hidrogen,  or  water,  and  a 
confiderable  number  of  metallic  oxides.  In 
the  genus  of  thofe  which  can  be  acidified  by  an 
addition  of  oxigen,  we  reckon  lèverai  combuf- 
tible bodies,  which  arc  not  metallic,  and  which 
being,  in  fact,  capable  of  palling  to  the  ftate  of 
acidity,  by  a fufficient  proportion  of  oxigen, 
they  remain  oxides  only,  until  they  have  ab- 
sorbed that  proportion  of  the  acidifying  prin- 
ciple. Such  particularly  are  phofphorus,  fui* 
phm;  azote,  and,  perhaps,  even  carbon. 

6.  The  oxides,  whether  non-acidi fiable,  or 
acklifiable,  may  alfo  be  diltinguilhed  by  the  va- 
rious 
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nous  porportions  of  oxigen,  which  each  of  the 
oxidable  radicals,  compared  with  each  other, 
are  capable  of  abforbing,  and  alfo  by  that  por- 
tion of  thfs  principle,  which  each  of  them  in 
particular  can  contain;  that  is  to  fay,  in  other 
terms,  each  oxide  of  the  fame  fubftance,  varies 
in  the  quantity  of  oxigen  it  contains,  and  limit 
alfo  vary  in  its  properties.  This  diftindfion  will 
be  found  very  neceffary  with  regard  to  the  ox- 
ides of  each  metal  which  differ  much  from  each 
other,  according  to  their  greater  or  lefs  advance- 
ment in  oxidation.  A number  of  chemical 
phenomena,  formerly  inexplicable,  become  very 
eafily  accounted  for  by  this  diftinftion  which  is 
directly  proved  by  a number  of  experiments. 

7.  We  may,  likewife,  diftinguifh  the  various 
oxides  from  each  other,  by  the  adherence  of 
their  principles.  Some  are  decompofed,  or  dif- 
oxided  very  eafily.  The  fimple  contact  of  light 
is  often  fufficient  to  unborn  thefe  bodies  ; others, 
fomewhat  more  difficult  to  be  decompofed,  re- 
quire the  addition  of  a greater  or  lefs  quantity 
of  caloric  to  the  light  ; fome  are  fo  permanent 
in  their  ftate  of  oxides,  or  retain  the  oxigen 
which  is  united  to  them  with  fo  much  force, 
that  it  can  fcarcely  be  taken  from  them  by  any 
means,  and,  it  is  neceffary  to  employ  various 
means,  at  the  fame  time,  and  lèverai  united  at- 
tractions to  arrive  at  this  objedh  We  muft  not 
forget  that  hidrogen  and  carbon,  being  the  two 
combuftible  bodies  which  have  the  ftrongeft  at- 
traction  for  oxigen,  are  almoft  always  ufed 

with 


6 oxides;  acids;  water, 

with  fuc ce fs,  though,  in  truth,  with  the  affift- 
ance  of  a more  or  lefs  elevated  temperature  to 
decompofe  the  oxides. 

8.  I intend  to  fpeak,  in  two  feparate  articles, 
of  thofe  three  genera  of  principal  oxides  : that 
of  hidrogen,  or  water,  will  hold  the  firft  rank, 
and  form  the  firft  article.  In  the  fécond,  I ihall 
place  the  metallic  oxides,  and  the  oxides  of  com- 
buftible  bodies  which  are  not  metallic.  Though 
the  firft  only  of  thefe  three  kinds  of  oxides  re- 
quire to  be  treated  at  length,  becaufe  the  two 
following  will  be  defer! bed  in  other  articles,  or 
ferions  of  this  work,  yet  it  will  be  indifpen- 
fably  neceffary  to  give  fome  general  notions  on 
the  metallic,  and  thofe  not  metallic,  in  order  to 
prefent  a perfeétly  methodical  and  complete 
fyftem  of  chemical  information  ; and  to  ex- 
plain, in  all  its  departments,  the  extend  ve 
courfe,  which  will  remain  to  be  paffed  through 
after  their  inveftigatiom 


Article  IL 

Of  Water,  or  the  Oxide  of  Hidrogen. 

1.  I HE  human  mind,  having  been  fo  long 
accuftomed  to  clafs  water  among  the  number 
of  the  elements,  feems  averfe  to  ranking  it 
amongft  compound  bodies.  This  point,  how- 
ever, has  been  decided  by  experiment  upwards 
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GENERAL  PROPERTIES  OF  WATER. 

t>f  fifteen  years  fin  ce  ; and,  as  it  has  not  been 
oppofed  by  a fingle  faci,  notwitbftanding  any 
hypothefis  that  may  have  been  formed  for  the 
purpofe  of  explaining  the  refait,  it  is  very  evi- 
dent, that  if  fifteen  parts  of  liidrogen  gas,  ah- 
forb,  in  the  adf  of  combuftion,  eighty-five  parts 
of  oxigen,  and  if  thofe  two  bodies  form,  by 
their  union,  one  hundred  parts  of  very  pure 
water,  when  thofe  gafes  are  themfelves  pure,  we 
may  naturally  conclude,  that  water  is  actually 
a compound  of  hidrogen  and  oxigen,  each  of 
which  is  feparated  from  its  gafeous  folvent, 
and  that  it  is  a true  oxide,  becaufe  it  does  not 
poffefs  the  acid  properties. 

9u  This  kind  of  oxide  of  hidrogen,  water, 
being  diffufed  fo  abundantly  over  the  furface  of 
the  globe,  and  in  the  atmofphere,  under  the 
forms,  or  in  the  fiâtes  of  folid,  liquid,  or  elafiic 
fluid,  it  is  not  a matter  of  furprife  that  many 
philofophers,  on  confide  rain  g its  great  extent, 
its  important  ufes,  and  its  numerous  phenome- 
na, have  confidered  it  as  an  element  ferving  for 
the  compofition  and  formation  of  many  natu- 
ral beings. 

3,  Chemifts  themfelves  muft  have  adopted 
this  opinion,  in  confequence  of  having  obferv- 
ed  water  to  refult  from  moft  of  their  analyfcs, 

v * 

to  prefent  itfelf  in  an  immenfe  number  of  opera- 
tions, and  to  be  difengaged  at  the  in  fiant  when 
the  power,  which  united  the  principles  of  bo- 
dies, became  relaxed,  or  broken  by  their  opera- 
tions, Obliged,  in  ibme  degree,  to  confider  it 
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as  a common  principle  in  a great  number  of 
compounds,  they,  for  a long  time,  placed  it 
among  their  chemical  elements,  under  the  name 
phlegm. 

4.  Though  water  is  frequently  afforded  by 
Nature,  in  its  three  ftates,  namely,  folid,  fluid, 
and  vaporous,  yet  as  each  of  thefe  liâtes  de- 
pends on  the  different  proportion  of  caloric,  and 
would  lead  us  to  the  hiftory  of  its  combinations, 
when  a knowledge  of  the  phyfical  properties  of 
water  were  to  be  communicated,  before  we  can 
have  conftdered  its  chemical  properties,  it  ap- 
pears very  natural,  that  we  fhould  firft  conffder 
it  in  its  liquid  ftate,  hecaufe,  in  this  ftate,  its 
name  of  water  is  more  particularly  applicable, 
and,  under  this  form,  it  prefents  itlelf  moft  fre- 
quently, and  in  the  greateft  abundance  to  our 
obfervation,  and  produces  the  moft  numerous 
phenomena. 

5.  The  naturalift,  however,  who  muff  obferve 
water  in  all  its  ftates,  if  he  would  acquire  a 
knowledge  of  it  in  general,  and  ^comprehend  its 
whole  influence,  deferibes  it  in  the  atmofphere 
under  the  form  of  clouds,  and  miffs,  précipitât? 
ed  from  the  air,  in  dew,  rain,  fnow,  and  hail  ; 
collected  on  the  furface  of  the  earth,  and  pro? 
ducing  rivulets,  fprings,  torrents,  rivers  great 
and  fmall,  ponds,  lakes,  and  leas,  and  on  high 
mountains,  as  well  as  beneath  the  poles,  in  a 
itate  of  eternal  congelation.  By  making  a dif- 
tindtion  between  the  waters  of  the  atmofphere, 
and  thofe  of  the  earth,  he  obierves  their  tranfb 
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tlon  from  the  furface  of  the  leas  to  the  atrno- 
fphere,  their  conveyance,  by  the  winds,  from 
place  to  place,  in  the  midft  of  the  atmofphere  ; 
he  obferves  them,  excavating,  and  forming  ra- 
vins on  the  furface  of  the  globe,  filtrating 
through  its  lira  ta,  collecting  in  its  fubterraneous 
cavities,  and  forming  capacious  refervoirs, 
whence  originate  fprings,  and  fometimes  even 
rivers  ; he  obferves  this  fluid,  gradually  dis- 
placing the  exterior  maffes,  and  the  ftrata  of 
the  earth  ; wearing  down  and  diminilhing  the 
mountains,  filling  vailles,  forming  extenfive  dc- 
pofitions  at  tiie  bottom  of  the  feas,  which,  after 
the  lapfe  of  ages,  are  found  in  a dry  ftate,  dif- 
folving,  and  caufing  the  cryftallization  of  nu- 
merous foffils,  inceffantly  changing  their  places, 
and  filtrating  in  the  veffels  of  vegetables  ; in  a 
word,  he  obferves,  that  water  in  a rnafs,  in  mo- 
tion, and  as  a folvent,  is  one  of  the  great  agents 
of  Nature,  and  acts  in  a thoufand  different  ways 
on  its  phenomena.  The  whole  of  thcfe  details, 
which  belong  to  the  natural  hiftory  of  water, 
properly  conftitute  the  fcience  of  hidrology. 

6.  The  natural  philofopher,  who  moft  fre- 
quently obferves  the  fenfible  properties  of  wa- 
ter in  its  liquid  hate,  has  determined  its  fpeci- 
fic  gravity  to  be  eight  hundred  and  fifty  times 
greater  than  that  of  air  ; its  perfect  limpidity, 
its  want  of  tahe  and  fmell  ; its  incompreflibi- 
lity  ; its  confiant  tendency  to  find  its  own  le- 
vel, which  ferves  to  determine  the  plain  of  the 
horizon,  and  leads  us  to  a knowledge  of  the  re- 

fpective 
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fipe&ive  petition  of  bodies  ; its  preffure  and  den» 
fity,  in  confequence  of  which  founds,  or  even 
light,  are  tranfmitted  through  it  with  much 
more  difficulty  than  through  air  ; its  accelerated 
motion  of  defeent,  by  the  inclination  of  the 
plane  over  which  it  flows,  from  which,  as  a firfi 
power,  the  mechanical  arts  are  io  highly  bene» 
filed  ; the  communication  of  this  motion  to  the 
bodies  with  which  it  comes  in  contact,  or  thole 
which  float,  or  are  conveyed  by  its  courfe,  &c.  ; 
by  applying  calculation  to  all  thefe  properties, 
we  eftablifli  the  principles  of  hidroftatics  and 
li  idrodynamics. 

7.  If  we  particularly  contider  its  two  fiâtes 
of  folidity  and  elaftic  fluidity,  it  will  appear, 
that  ice  is  a perfect  cryftallization  of  water  ; 
when  from  the  reparation  of  caloric,  it  exhibits, 
at  its  formation,  all  the  phenomena  of  thofe  bo- 
dies which  cryftallize  ; at  this  inftant,  heat  is 
generated,  which  canfes  the  thermometer  to 
rife  feveral  degrees  ; and  this  formation  is  alfo 
accelerated  by  the  accefs  of  air  and  motion  ; its 
bulk  is  augmented,  in  a certain  proportion,  like 
that  of  the  faits  in  cryftallization  ; its  form  is 
regular,  as  well  by  the  confiant  union  of  its 
cry  fiais  at  angles  of  fixty,  or  one  hundred  and 
twenty  degrees,  or  in  each  particular  cry  fiai 
which  is  a prifm  of  four  fides,  terminated  by  de- 
hedral  fummits.  When  once  formed,  ice  is  ca- 
pable of  being  reduced  to  duft  ; it  can  lofe  much 
caloric,  is  very  elaftic,  and  exerts  a firong  ac- 
tion upon  the  organs  of  animals,  by  rapidly  de- 
priving 
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priving  them  of  caloric.  The  air  which  is  often 
contained  between  its  particles,  renders  it 
opaque,  and  lighter  than  water  in  a liquid  ftate. 
On  melting,  it  conftantly  remains  at  the  tempe* 
rature  of  zero,  as  long  as  there  is  any  portion 
of  folid  matter,  becaufe,  on  becoming  liquefied, 
it  abforbs  all  the  uncombined  caloric. 

8.  When  we  obferve  water  in  the  ftate  of  elaf- 
tic  fluidity,  it  is  found  to  be  perfeélly  tranf- 
parent;  it  becomes  vifible,  white,  and  clouded, 
when  the  caloric,  wThich  i t holds  in  folution,  is 
difengaged  ; its  bulk,  compared  to  that  of  liquid 
water,  is  in  the  proportion  of  800  to  1 : its  elaf- 
ticity  and  fpring  produce  violent  expiations, 
and  other  remarkable  effects,  when  applied  to 
the  mechanical  arts,  as  may  be  feen,  for  in- 
fiance,  in  the  fleam  engine.  Water  readily 
combines  with  a great  number  of  bodies  : it  fa- 
cilitates combuftion  in  fuch  a degree,  that  it 
has  been  fuppofed  to  be  changed  into  air,  or  to 
perform  the  fun  étions  of  that  fluid.  When  it 
paffes  again  to  the  liquid  ftate,  it  caufes  the  fe- 
paration  of  fome  uncombined  caloric,  and  raifes 
the  temperature  of  all  the  bodies  in  its  vicinity. 
To  this  change  may  be  attributed  the  phenome- 
na of  a great  number  of  aqueous  meteors,  and 
the  confiant  rife  of  temperature  in  the  atmo- 
fphere,  after  the  condenfation  of  the  vapours  of 
•water. 

9-  Water  undergoes  no  fenfible  alteration 
from  the  effeél  of  light;  in  the  ftate  of  ice  it 
ftrongly  refraéls  it;  in  the  liquid  ftate,  the  re- 

fraction 
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fraction  is  more  than  proportioned  to  the  den- 
flty  of  the  water;  and  it  was  in  confequence  oi 
this  phenomenon,  that  Newton  imagined  it  to 
contain  fomething  of  a combuftible  nature,  and 
iufpected,  as  we  may  affirm,  the  prefence  of  hi- 
drogen  an  hundred  years  before  the  fact  was 
difcovered.  The  vapour  of  water  readily  de- 
compofes,  or  difperfes  the  various  rays  of  light  ; 
or,  in  other  words,  it  communicates,  by  refrac- 
lion,  the  various  and  proportionate  motions 
which  give  rife  to  colours.  The  vapour  of  wa- 
ter introduced  into  the  air  of  a glafs  globe, 
placed  between  the  eye  and  a light,  exhibits  all 
the  tints  of  the  rainbow.  Though  we  are  not 
yet  acquainted  with  the  manner  in  which  elec- 
tricity aCts  in  chemical  phenomena,  yet  it  is  ne« 
eeffary  to  deferibe  its  certain  effects.  When  a 
great  number  of  eleétric  fparks  are  conveyed 
through  a fmall  tube,  filled  with  water,  by 
means  of,  a conductor  with  a metallic  knob,  the 
water  is  decompofed,  and  feparated  into  hidro- 
gen  and  oxigen  gas,  and  when  this  decompofition 
is  io  far  advanced  that  the  two  extremities  be- 
come immerfed  in  the  mixture  of  thele  two  gafes, 
i*o.  that  the  fpark  explodes  in  them,  thele  gafes 
again,  take  fire,  and  form  water.  Hence,  the 
action  of  electricity  may  be  faid  to  dccompofe 
v ater  into  its  two  elements  which  it  feparates 
in  the  form  of  gas,  and  alfo  to  re-combine  thofe 

bales,  in  fuch  a manner  as  again  to  com  pole  the 
d.enfe  fluid. 
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Habitudes  of  water. 

10.  The  action  of  caloric  upon  water,  in  its 
different  Hates,  deferves  the  whole  attention  of 
the  natural  philofopher,  and  the  cliemift.  The 
former  confiders  its  changes  of  ftate,  the  latter 
its  true  chemical  combinations,  and  all  the 
effects  of  folutions.  It  is,  therefore,  neccffarv 
to  obferve  the  effects  of  chemical  adtion  upon 
ice,  upon  water  in  a liquid  Hate,  and  alfo  upon 
its  vapour.  Ice,  in  order  to  become  diffolved, 
abforbs  a proportion  of  caloric,  which  would 
raife  an  equal  weight  of  liquid  water  through 
•fevçnty-five  degrees  ; its  capacity  is,  therefore, 
much  greater  than  that  of  liquid  water,  bee  aide, 
without  acquiring  a fingle  degree  of  tempera-* 
ture,  it  takes  from  the  caufe  which  melts  it,  as 
much  heat  as  would  produce  an  elevation  of  fe~ 
venty-five  degrees  in  an  equal  quantity  of  wa- 
ter. Hence,  liquid  water  is  a perfect  combina- 
tion of  ice  and  caloric  ; it  is  a fufion,  in  every 
refpect  Hmilar  to  tliofe  of  all  other  bodies  what- 
ever. The  portion  of  caloric  in  fluid  water, 
can  only  be  eftimated  above  zero,  or  the  point 
of  congelation;  that  portion,  which  is  contain- 
ed by  ice,  cannot  be  appreciated.  Hence,  we 
may  account  for  the  numerous  difficulties  and 
uncertainties  among  philofophers,  with  regard 
to  the  real  zero,  or  the  quantity  of  caloric  con- 
tained in  water  at  the  true  0 of  the  thermometer. 

11.  Liquid  water,  ice  in  a ftate  of  fufion,  of 
water  in  its.  ordinary  Hate,  is  dilated,  arid  in- 
creafcd,  in  bulk  by  the  introduction  of  caloric 
between  its  particles.  Water  gradually  in* 
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creafes  by  fenfible  heat,  till  it  arrives  at  a certaiii 
point,  fpecified  in  the  thermometer  of  Reaumur 
by  80  degrees,  which,  in  the  centigrade  ther- 
mometer, is  divided  into  100;  and  the  degrees 
of  the  latter  infiniment  are  adopted  in  the  pre- 
fent  work.  It  then  undergoes  no  farther 
change  ; but  paffes  to  the  ftate  of  vapour  ; every 
new  particle  of  caloric  combines  with  the  hot 
water,  and  diffolves  it  into  gas.  Hence,  the 
temperature  of  boiling  water  affords  a confiant, 
or  fiationary  point.  This  change  into  vapour, 
or  elaftic  fluid  is  attended  with  bubbles  in  great- 
er or  lefs  abundance,  and  various  ftzes,  which 
rife  through  the  liquor  with  a degree  of  agita- 
tion, and  produce  the  ebullition  of  the  water. 
In  order  to  render  this  phenomenon  perfectly 
intelligible,  I am  accuftomed  to  obferve,  that 
the  water  caufes  an  effervefcence  with  itfelf  ; 
and,  in  fact,  it  is  an  elaftic  fluid  which  rifes  from 
the  body  of  a liquid,  and  no  other  idea  can  be 
formed  of  effervefcence.  it  is,  if  the  expref- 
fion  may  be  allowed,  a portion  of  water  former- 
ly in  a gafeous  ftate,  which  becomes  infoluble 
in  water  heated  to  one  hundred  degrees,  and 
confequentiy  then  efcapes.  The  hubbies  pro- 
ceed from  the  bottom,  becaufe  the  caloric  there 
enters  the  water,  which  is  no  longer  capable  of 
receiving  it,  without  affuming  the  gafeous  form. 
The  weight  and  preflu  re  of  the  air,  as  well  as  its 
more  or  lefs  loi  vent  ftate,  has  an  influence  upon 
the  ebullition  of  water  : it  boils  more  readily, 

one  hundred  degrees,  when  the 

operation 
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operation  is  made  on  a mountain,  where  the  ba- 
rometer does  not  hand  at  twenty-eight  inches 
of  the  ancient  French  fcale  ; it  boils  with  great- 
er difficulty  in  cavities  of  the  earth,  where  the 
mercury,  in  the  barometer,  hands  at  a greater 
height.  It  is,  therefore,  only  at  a given  p rel- 
iure of  the  atmofphere,  that  thermometers  ought 
to  be  conftru&ed  ; and,  for  the  fame  reafon  it  is, 
that  water,  at  fifty  degrees,  boils  very  rapidly 
in  a vacuum. 

12.  The  dilatation  and  ebullition  of  water 
by  the  introduction  of  caloric,  does  not,  in  the 
final  left  degree,  change  the  nature  of  this  ox- 
ide of  hidrogen.  The  vapour  of  water,  or  the 
aqueous  gas  produced  by  its  ebullition,  is  not  a 
permanent  gas,  but  eafily  parts  with  the  caloric 
it  contains,  and  again  becomes  liquid  by  the 
contaCt  of  any  cold  body.  On  this  phenomenon 
is  founded  the  diftillation  of  water;  an  opera- 
tion which  is  very  frequently  performed  in  la- 
boratories, for  the  purpofe  of  obtaining  this  li- 
quid in  that  pure  hate  which  is  neceffary  for 
delicate  experiments.  For  this  operation,  a tin- 
ned copper  alembic,  or  ft  ill,  is  made  ufe  of: 
the  water,  which  is  placed  in  the  kind  of  boiler 
called  the  cucurbit,  or  body  of  the  ftill,  afeends 
in  vapour,  by  the  aCtion  of  the  fire,  into  the 
head  with  which  the  veffel  is  covered.  This 
being  furrounded  by  a copper  veffel  filled  with 
cold  water,  the  low  temperature  of  which  con- 
denfes  the  vapour,  the  pure  and  liquefied  water 
flows  down  into  a gutter,  or  groove,  in  which 
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the  head  terminates  at  bottom,  and  which,  by 
means  of  a flight  declivity,  permits  the  water  to 
run  off  through  a pipe,  or  beak,  into  a glafs  vafe 
called  a receiver.  We  might,  alio,  avail  our- 
felves  of  the  natural  diftillation  which  takes 
place  in  the  atmofphere,  by  collecting  rain-wa- 
ter in  the  middle  of  an  extenfive  yard,  without 
receiving*  what  falls  from  the  roofs  of  houfes, 
to  obtain  this  fluid  in  a confiderable  hate  of 
purity.  The  ancient  chemifts  even  gave  the 
preference  to  rain-water,  for  their  experiments  ; 
and,  it  will  fhortly  appear,  that  it  differs  from 
water  artificially  diflilled,  in  confequence  of 
the  air  with  which  it  is  impregnated,  which  air 
is  not  contained  in  diftilled  water. 

13.  Ox i gen  does  not  poflefs  any  very  fenfibie 
attraction  for  water  which  is  faturated  with  it. 
It  cannot  effectually  combine  with  more  than 
the  proportion  of  0,85  that  it  contains.  Oxi- 
igen  gas  is,  neverthelefs,  capable  of  becoming 
fixed,  or  being  abforbed  by  water  ; and  it  is  a 
fact  well-known,  and  even  proved,  that  water 
abforbs  this  gas  in  greater  abundance,  and  with 
more  facility  than  it  does  azote. 

14.  Water  and  air  have  a confiderable  attrac- 
tion for  eacli  other  : when  air  is  palled  through 
water,  a quantity  of  the  former  is  dilfolved, 
which  is  more  in  proportion  to  the  fmaller  por- 
tion of  air,  originally  fufpended  in  that  fluid. 
Air  which  remains  on  the  furface  of  water,  or 
moves  with  rapidity  on  its  furface,  or  ftill  pre- 
ferably, that  which  is  agitated,  and  mixed  with 

water. 
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Water,  abforbs  a quantity  of  this  fluid  according 
to  its  dcnfity  , It  is  known  that  air,  which  is 
condenfed,  diffolves  a larger  proportion  (of  wa- 
ter), and,  according  as  it  becomes  rarefied,  the 
water  is  precipitated  ; this  will  account  for  the 
flight  vapour,  or  cloud,  which  is  perceived  on 
caufing  the  receiver  of  an  air  pump  to  be  ex- 
liaufted.  The  folubility  of  water  in  air  is, 
likewife,  the  caufe  of  the  evaporation  which  that 
liquid  undergoes  in  the  atmofphere.  This  eva- 
poration is  accelerated,  or  retarded  by  various 
circumftances,  fuch  as  its  temperature,  prelfure, 
<Scc.  By  the  continual  effects  of  folution  and  pre- 
cipitation of  water  in  atmofpheric  air,  of  which 
only  the  commencement  of  change  are  drown 
by  the  higrometer,  all  the  aqueous  meteors  are 
produced.  It  is  neceffary  to  make  a proper  dif- 
tincfion  between  the  higrometic  ftate  of  the  air, 
and  the  perfect  chemical  folution  of  water.  Wa- 
ter,. which  is  diffolved,  can  only  be  difcovered 
by  chemical  proceffes,  which  will  he  hereafter 
explained  ; but  the  higrometer  only  indicates 
the  folution  and  precipitation  of  water,  at  the 
inftant  when  this  folution  and  precipitation  are 
effected.  The  air  of  a fine  fummer  s day,  appa- 
rently warm  and  dry,  in  which  no  humidity  is 
manifefted  by  the  higrometer,  depofits  water 
when  immerfed  in  ice  ; and  it  is  onlv  at  the 
time  when  this  water  becomes  difen  u’a^ed,  that 
the  higrometer  announces  its  prefence.  Though 
every  circumftance  which  relates  to  the  falli- 
bility of  water  in  atmofpheric  air  has  been  in- 
Vo  l.  II.  C finitely 
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finitely  better  appreciated  in  the  modern  philo  ^ 
fophy,  it,  ncvertheleis,  forms  a part  of  météoro- 
logie chemiftry,  which  is  yet  in  its  Infancy. 
It  is  of  importance  to  he  obferved,  in  this  place, 
that  water  agitated,  or  thrown  into  the  air,  be- 
tides  diffol eing  and  faturating  it,  may  not  only 
purify  it  by  agitation  and  renewal,  but  alfo  by 
carrying  off  the  elaftic,  non-refpirable  and  fo- 
hible  fluids  which  it  may  contain,  and  are  fo« 
reign  to  its  proper  nature. 

15.  As  water  is  diffolved  in  air,  air  is,  like- 
wife,  abforhed  by  water.  Every  time  thofe  two 
bodies  are  brought  into  contact,  an  equilibrium 
takes  place,  as  in  all  other  folutions.  In  pro- 
portion as  the  air  becomes  faturated  with  water, 
which  becomes  gazified,  the  water  is  faturated 
with  air  which  adopts  the  liquid  hate.  All  wa- 
ter, on  being  expofed  to  the  air,  becomes  im- 
pregnated with  that  fluid  in  greater  or  lefs 
abundance.  This  is  one  of  the  principal  caufes 
of  the  difference  between  the  waters  which  flow 
on  the  furface  of  the  earth, band  thofe  which  fil- 
trate between  its  ftrata,  or  remain,  and  ft agnate 
in  its  cavities.  This  is  alfo  the  chief  difference 
exifting  between  water,  precipitated  from  the 
atmofphere  during  rain,  and  that  purified  by 
chemical  dihillation.  Befides  the  various 


means  poffeffed  by  chemihs,  for  difeoyering  the 
quantity  of  air  contained  in  water,  which  will 
be  mentioned  hereafter  ; befides  the  well-known 


cxpei  micnt  of  the  bubbles  of  air  d ifen  ga  ged 
from  waiter,  at  the  furface  of  which 
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is  made,  air  is  obferved  to  efcape  by  the  aCtion 
of  caloric  in  fuch  a quantity  as  to  produce  an 
effieCt  refembling  the  boiling  of  water.  It  is 
alfo  feen  to  quit  this  liquid  at  the  inflant  when 
it  becomes  congealed  and  cryftallized.  Hence, 
the  folubilitv  of  air  in  water  has,  for  its  limits, 
the  temperature  of  ice,  and  that  of  boiling  wa- 
ter. On  collecting  air  from  water  by  the  ac- 
tion of  fire,  it  is  found  to  be  rather  more  pure 
than  atmofpheric  air,  and  therefore,  it  is,  con- 
cluded, that  this  liquid  abforbs  a greater  quan- 
tity of  oxigen  gas,  than  of  azote  gas  of  the  at- 
mosphere. Water  that  has  been  perfectly  de- 
prived of  its  air,  does  not  poffefs  the  lively  and, 
as  it  were,  pungent  tafte  which  it  had  before 
the  time  of  fuch  privation  : it  loads  the  fto- 
mach,  and  is  not  fo  favourable  to  digeftion  as 
in  the  other  ft  ate. 

3 6.  No  combination  is  known  between  wa- 
ter and  azote.  Azote  gas,  when  brought  into 
contact  with  this  liquid,  is  not  fenfibly  abforb- 
ed,  and  it  appears  to  dilfolve  but  a very  fmall 
quantity  of  water.  This  negative  property  of 
azote  gas,  with  regard  to  water,  is  alfo  one  of 
its  characters  which  is  frequently  of  advantage 
in  chemiftry,  for  diicovering  and  diftinguifhing 
this  kind  of  gas. 

17.  Hidrogen  appears  to  have  no  attraction 
for  water;  the  0,15  parts  of  this  principle, 
which  it  contains,  completely  faturate  the  oxi- 
gen, and  hidrogen  gas  is  not  at  all  foluble  in 
this  liquid,  Neverthelefs,  this  gas  often  eon* 
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tains  a certain  quantity  of  water,  which  it  dit- 
loives  by  palling  through  it.  Water  impreg- 
nated with  air,  and  particularly  with  oxigen 
gas,  appears  to  poffefs  the  property  of  abforbing 
hidrogen  ; but  this  fact,  which  has  not  yet 
been  verified,  feerns  to  be  owing  to  fome  degree 
of  impurity  in  this  gas,  which  varies  confidera- 
bly,  according  to  the  different  eombuftible  bo- 
dies which  it  holds  in  folution.  We  fiiall,  how- 
ever, foon  fee  that  azote  and  hidrogen,  which 
alone  are  infoluble,  become,  on  the  contrary, 
very  foluble,  when  they  are  combined. 

18.  Water  has  only  a weak  action  upon  car- 
bon in  the  cold  ; it  is  eafily  abforbed  by  the 
different  kinds  of  charcoal,  which  become  hu- 
mid in  air,  loaded  with  water,  and  exert  upon 
it  a kind  of  higrometric  action.  I have  ex- 
amined pieces  of  charcoal,  which  had  been  pre- 
ferved  in  tombs  for  feverai  centuries,  and  found 
them  foftened,  and  rendered  almoft  friable  by 
the  water  with  which  they  were  impregnated*. 
Nature  poffeffes  means,  with  which  we  are  un- 
acquainted, of  diifolving  carbon  in  water,  for 
the  purpofe  of  conveying  it  into  the  organs  of 
vegetables,  of  which  it  forms  the  principal  nou- 
rifliment.  Though  we  can  perceive  no  action 
between  carbon  in  the  cold,  and  water,  yet  a 
very  ftrong  aétion  is  feen  between  that  fluid, 
and  carbon  in  the  ignited  ftate.  At  this  tem- 
perature, carbon  basa  greater  attraction  for  ox- 
igen,  than  hidrogen  has  for  that  fluid.  The 
water  is  rapidly  decompofed,  carbonated  hi- 
drogen 
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rfrogen  gas  and  carbonic  acid  gas  are  difen» 
gaged.  Charcoal,  completely  ignited,  and 
plunged  under  a receiver  full  of  water,  excites 
an  effervefcence,  attended  with  a fenfible  noife, 
and  produces  the  two  gafes  above-mentioned. 
Hence,  the  rcafon,  that  on  pouring  a fmall  quan- 
tity on  a large  mafs  of  lighted  charcoal,  the 
combuftion  is  increafed,  rather  than  extin- 
guifhed  ; and  alfo  why  humid  charcoal,  it 
itrongly  heated,  burns  with  flame,  and  exhales 
an  extremely  fetid,  and  mephitic  carbonated  hi- 
drdgen  gas.  Water  has  but  a fmall  degree  of 
adtion  upon  carbonated  hidrogen  gas  : it,  how- 
ever, contracts  a fetid  odour  by  the  contadt,  and 
diffolves  a greater  portion  of  this,  than  of  pure 
hidrogen  gas, 

19.  Phofphorus  and  water  do  not  combine, 
either  in  heat  or  cold.  We  fee  phofphorus,  un- 
der water,  in  a hot,  liquid,  and  well  fufed  ftate  : 
by  continuing  the  heat,  it  rifes  through  the  wa- 
ter, and  burns  at  its  furface,  or  is  volatilized. 
Phofphorus  may  be  preferved  tranfparent  with- 
out fuffering  any  change,  under  boiling  water 
that  has  been  completely  deprived  of  its  air, 
by  keeping  the  veflels  which  contain  it  well 
clofed.  On  the  contrary,  aerated  water  o*ra- 
dually  burns  the  furface  of  phofphorus,  and 
covers  it  with  a white  oxide,  which  obfeures 
its  tranfparency.  If  phofphorus,.  immerfed  in 
aerated  water,  be  expofed  to  light,  the  red  co- 
lour, which  it  acquires,  is  a proof  that  it  burns 
ftiU  more  by  the  means  of  the  oxdgen  which  is 
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diffolvedt  in  the  water.  It  is  not  afcertained, 
whether,  at  a very  high  temperature,  phofpho- 
rus has  not  a greater  attraction  for  oxigen  than 
hidrogen  has,  fo  as  to  decompofe  water.  This 
dangerous  experiment  has  not  been  attempted. 
Phofphorus  melted  under  water  is  eafily  in- 
flamed, by  bringing  oxigen  gas  into  contadt 
with  it  at  the  bottom  of  the  containing  veffel  ; 
and  this  may  be  confidered  as  one  of  the  moft 
brilliant  combuftions  that  can  pollibly  he 
made. 

Phofphorated  hidrogen  gas  is  not  loluble  in 
water.  When  kept,  for  a long  time,  in  contact 
with  this  fluid,  it  becomes  changed,  ceafes  to  be 
fpontaneoufly  inflammable  with  the  air,  and  de-‘ 
pofits  a portion  of  phofphorus. 

20.  Sulphur  and  water  in  different  ftates,  and 
at  any  degree  of  temperature  whatever,  have  no 
obfervable  adtion.  In  the  cold,  fulphur,  kept 
immerfed  in  water,  lofes  no  part  of  its  weight, 
nor  does  it  communicate  to  it  any  particular 
chemical  character;  though  Tome  have  pretend- 
ed that  it  imparts  fome  medicinal  properties. 
When  melted  fulphur  is  poured  into  liquid  wa- 
ter, particularly  after  it  has  been  kept  fome 
time  in  fufion,  till  it  has  acquired  a vifcid  ap^- 
pearance,  it  preferves  a degree  of  foftnefs,  and 
ductility,  which  has  already  been  mentioned  in 
the  tenth  article  of  the  preceding  fedtion  : the 
water,  however,  though  it  acquires  a flight  tafle, 
and  a îemaikable  fmell,  does  not  produce  any 
diminution  in  the  weight  of  the  fulphur.  This 
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action  ouo-lit  not  to  be  confounded  with  that  of 
fulphur,  when  inflammation  has  commenced  be» 
fore  it  is  immerfed  in  water  ; in  the  latter  cafe*  a 
fmaîl  quantity  of  fulphureous  acid  is  diflolved* 
it  is  well  known,  that  fulphur  exerts  no  decom- 
posing aéfion  upon  water  at  an  elevated  tempé- 
rature ; that  it,  in  no  cafe,  has  a greater  attrac- 
tion for  oxigen,  than  the  latter  has  for  h.idro- 
gen,  and,  for  this  reafon,  chemifts  have  never 
been  able  to  facilitate  either  the  com  bullion  of  x 
fulphur,  or  the  formation  of  the.  fuiphuric  acid 
by  water,  even  in  a ftate  of  vapour.  Sulphu- 
rated hidrogen  gas  is  foluble  in  water,  and  forms 
an  artificial  fulphureous  water.  In  the  follow- 
ing fection,  we  ill  all  treat  of  this  folution,  when 
we  fpeak  of  thofe  bodies,  from  which  fulphu- 
rated  hidrogen  gas  can  he  moil:  readily  and 
abundantly  obtained. 

21.  Water,  though  it  does  not  difiblve  fill- 
phu rated  phofphorus,  or  phofphorated  fulphur, 
nor  is  decompofed  by  phofphorus,  or  fulphur, 
appears,  neverthelefs,  to  be  capable  of  decom- 
pofition  by  thofe  two  combuftibles,  when  united 
in  a binary  combination.  It  has  been  obferv- 
ed,  in  the  tenth  article  of  the  preceding  fection, 
that  fulphurated  phofphorus,  melted  in  water, 
expands,  and  emits  bubbles  from  its  furface 
which  frequently  take  fire  in  the  air,  at  the 
fame  time  that  a fetid  garlic  fmell  is  difengaged 
Thefe  two  phenomena  prove,  in  fact,  that  wa- 
let  is  decompofed,  becaufe  there  is  a di rengage- 
ment 
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ment  of  fulphu  rated  and  phofphorated  hidrogen 
gas. 

22.  There  is  no  adtion,  whatever,  between 
the  diamond  and  water.  It  appears  certain, 
however,  that  this  combuftibie  body,  notwith- 
ftanding;  its  extreme  hardnefs,  muft  have  been 
diffolved  in  water,  and  that  the  conftant  and 
remarkable  cryftalline  forms  which  it  adopts  in 
its  natural  ftate,  can  only  be  attributed  to  the 
gradual  evaporation  of  its  folvent,  and  to  the 
concentration  of  its  folution.  By  all  the  ef- 
forts of  art,  we  have  not  hitherto  been  able  to 
ascertain,  nor  even  to  imagine,  by  what  procefs 
this  folution  can  be  effedfed  in  the  bowels  of 
the  earth,  where  there  is  no  doubt  that  it  takes 
place. 

23.  Metals  adt  in  two  general  manners  with 
liquid  water,  and  water  in  a ftate  of  vapour  ; for 
their  action  upon  ice  is  confined  to  a diviiion  of 
the  caloric  which  each  contains,  accord  in  o*  to 
their  mutual  capacity.  Some,  or  rather  moft 
metals,  have  no  action  upon  water,  and  remain 
in  contadt,  without  caufing  it  to  undergo  any 
alteration,  or  being  fuhjedt  themfelves  to  any 
change,  whatever  may  be  the  temperature  to 
which  the  mafs  is  fubjedted.  It  has,  however, 
been  affirmed,  that  there  is  no  metal  which 
would  not  become  oxided  in  a ftate  of  extreme 
divifion,  and  with  a very  large  quantity  of  wa- 
tei,  by  a violent  and  long-continued  agitation; 
but  it  will  be  elfe  where  fliewn,  that  this  effect 
.an  on!)  depend  upon  the  air  contained  in  the 
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water.  Some  metals,  namely,  tliofe  which  are 
the  moil  combuftible,  and  have  the  greateft  at- 
traction  for  oxigen,  can  decompofe  water,  even 
when  cold,  though  not  with  facility,-— but  rapid- 
ly, and  in  abundance,  when  their  temperature  is 
iufficiently  elevated.  In  the  latter  cafe,  a great 
quantity  of  hidrogen  gas  is  difengaged,  and  the 
metal  is  reduced  to  an  oxide.  As  this  dis- 
charge of  hidrogen  gas  takes  place  even  in  the 
cold,  it  appears,  that  the  aqueous  oxigen  be- 
comes more  folid  in  the  metal  than  it  was  in  the 
water,  and  that  the  aeriform  fuiion  of  the  hidro- 
gen is  owing  to  the  caloric  which  is  feparated. 
It  will,  hereafter,  be  feen,  what  a number  of  hap- 
py applications  have  been  made  to  the  fcience 
of  this  important  fad,  of  the  decomposition  of 
water  bv  metals,  which  was  firft  difeovered  at 
Paris,  in  the  year  1784. 

24.  Water,  from  its  great  abundance,  its  va- 
rious hates,  its  phyfical  properties,  and  its  che- 
mical adion  upon  a great  number  of  bodies, 
whether,  as  a folvent,  or  by  its  decomposition, 
fulfils  a number  of  fund  ions  in  Nature  and  the 
arts.  It  would  be  almoft  Superfluous,  in  this 
place,  to  give  any  exhibition  of  its  important 
ufes  in  the  phenomena  of  Nature.  The  hidro- 
grapher,  the  geologift,  the  naturalifl,  the  mete- 
orologist— -all  are  enabled,  and  ought  to  avail 
themfelves  of  the  information  afforded  by  che- 
mical fcience,  to  explain  its  manifold  effeds. 
Even  the  mechanic,  though  guided,  in  the  ufe 
pf  this  agent,  by  the  laws  of  hidroftatics  and 
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hidrodynamics,  ought  not  to  neglect  the  know- 
ledge he  may  derive  from  chemiftry,  relative 
to  this  moft  important  fubftance..  This  infor- 
mation is  no  lefs  indifpenfable  to  the  agricul- 
tural, and  the  phyfician  ; for  water  performs  a 
leading  part  as  the  food  or  aliment  of  plants, 
and  animals,  and  as  a remedy  in  the  difeafes 
of  man  and  animals.— The  mmeralogift  can  ac- 
quire no  certain  ideas  relative  to  the  nature  and 
difference  of  the  waters  of  the  earth,  without 
poffeffmg  chemical  knowledge.  In  fhort,  the 
refaits  of  the  chemical  aft  ion  of  water,  upon  all 
the  fubftances  of  Nature,  and  in  all  the  pro- 
ductions of  the  arts,  are  fo  numerous,  and  of 
fuch  utility,  that  each  of  the  following  articles 
of  this  work,  will  afford  continual  inftances  of 
the  applications  of  water  to  every  branch  of  na- 
tural philofophy. 


Article  III. 

Of  Oxides , Metallic  and  not  Metallic . 

1 . IT  is  my  intention,  in  this  place,  to  fpeak 
of  the  metallic  oxides,  and  the  oxides  afforded 
by  feyeral  other  combuftibles,  only  in  a ge- 
neral manner,  in  order  to  render  the  hiftory  of 
buined  bodies,  to  which  the  prefent  feélion  is 
devoted,  more  complete,  and  methodically  fyf- 
tematic.  YV  ith  refpedl  to  the  oxides,  fome  will 
examined  at  length  in  the  particular  hiftory 

of 


METALLIC  OXIDES. 


of  metals,  which  will  form  the  fubject  of  the 
fixth  feCtion  of  the  prefent  work  ; others  have 
either  been  already  noticed  in  the  preceding 
feétiôn,  or  will  be  treated  hereafter,  with  all  the 
care  and  extent  which  the  importance  of  feme 
of  them  demands.  The  intention  of  this  arti- 
cle, therefore,  is  only  to  afford  a fummary  view 
of  their  Nature  and  differences,  by  c on  dd  eying 
them  as  forming  a fpecies  of  bodies,  the  Nature 
of  which  belongs  to  the  ferles  of  compounds, 
which  forms  the  fubjeéfc  of  the  prefent  feéfion. 

The  metallic  oxides  are  produced  by  the 
combiiftion  of  metals  ; they  are  either  natural 
or  artificial,  and  feldompure  in  the  native  hate: 
it  is  to  the  art  of  chemiftry  that  we  are  indebted 
for  the  preparation  of  moil  of  thofe  employed 
for  various  purpofes,  in  the  proceffes  of  the  arts 
and  manufactures.  Mod  oxides  are  powders  of 
various  degrees  of  finenefs,  heavy,  hard,  and 
tinged  with  various  colours,  the  moft  brilliant 
and  durable  in  their  nature,  inch  as  we  admire 
in  coloured  glades,  enamels,  and  on  China  ware. 
Their  tade  is  almod  always  rough,  acrid,  and 
cauftic  ; fome  neverthelefs,  are  almoft  infipid. 
Thofe,  which,  on  account  of  their  cauftici ty, 
are  ranked  among  the  mod  violent  poifons,  owe 
their  poifonous  property  to  the  oxigen,  which 
adheres  in  a very  weak  degree,  and  is  capable  of 
being  attracted  by  animal  fubdances  : thofe 
on  the  contrary,  which  are  either  infipid,  or 
nearly  fo,  retain  the  oxigen  very  ftrongly,  and 
are  not  depriyed  of  it  but  with  difficulty. 

3.  They 
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3,  They  are  prepared  either  with  or  without 
heat  ; by  fufion  of  the  metals,  or  without  fufion  ; 
by  the  fimple  contact  of  air  ; by  pure  oxigen 
gas,  or  the  decompofition  of  water  : thefe  effects 
are  relative  to  the  attraction  which  each  feveral 
metal  has  for  oxigen.  This  principle  is  con- 
tained in  the  oxides,  in  a more  or  iefs  iolid  hate, 
or  more  or  lefs  deprived  of  caloric  : it  is  partly 
to  this  ftate  of  the  oxigen  that  we  may  attribute 
the  facility  with  which  it  feparates  from  fome, 
and  the  difficulty  it  meets  with  in  feparating 
from  other  oxides. 

4.  All  the  metals  not  only  require  each  fe- 
derally a different  quantity  of  oxigen,  to  be- 
come faturated,  but  each  particular  metal,  ac- 
cording: to  the  manner  in  which  it  is  treated, 
for  the  purpofe  of  oxidation,  abforbs  different 
proportions  of  this  principle.  There  are  fome 
which  are  found  in  four  or  five  ftates  of  oxida- 
tion different  from  each  other.  We  may  there» 
fore  admit  or  imagine,  in  a metal  which  has  at- 
tained its  maximum  of  'oxidation,  different 
portions  of  oxigen,  added,  as  it  were,  to  each 
other  ; and  as  it  is  a law  of  chemical  attraction, 
that  the  attraction  aCis  in  the  inverfe  ratio  of 
the  faturation,  it  is  evident  that  the  firft  quan- 
tity of  oxigen  combined  with  a metal,  adheres 
more  firmly  than  the  fécond,  and  the  fécond 
more  firmly  than  the  third,  fo  that  the  laft 
which  is  added  can  be  feparated  with  more 
facility  than  any  of  the  others.  This  effential 
diftinCtion  is  a fource  of  very  important  appli- 
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cations,  by  which  we  may  account  for,  and 
explain  a great  number  of  chemical  pheno- 
mena. 

5.  Light  being  moved  in  a different  manner, 
and  reflected  with  a particular  motion  from  the 
lurfaceof  each  metallic  oxide,  produces  a change 
in  each,  according  to  its  nature,  and  tends 
again  to  bring  them  to  the  metallic  ftate,  to  re- 
duce or  unburn  them.  In  this  refpeci  there  are 
great  differences  between  the  various  metallic 
oxides,  according  to  the  attraction  exercifed 
by  oxigen  upon  the  radicals,  and  the  {Length 
of,  its  adherence.  Hence  the  changes  which 
metallic  colours  undergo,  when  expofed  to  the 
action  of  light  in  tranfparent  veffels,  and  the 
nècelïity  of  keeping  them  in  opaque  vafes,  to 
preferve  them  from  undergoing  any  alteration  : 
the  vitrified  oxides,  or  thofe  combined  with 
glalfes,  either  do  not  change  at  all,  or  are  much 
lefs  fufceptible  of  alteration  than  the  others, 
from  the  contact  of  light. 

6.  Caloric  completely  dccompofes  fuch  me- 
tallic oxides  as  contain  but  a fmall  portion  of 
oxigen  : from  fome  it  attracts  only  a part  of 
their  oxigen,  which  it  converts  into  gas  : on 
others  it  produces  no  effe6t,  and  there  are  fome 
which  it  fufes  into  glafs.  If  its  action  be  af- 
fifted  by  light,  its  decompofing  property  is 
more  effectual, 

7.  Oxigen  produces  no  change  in  faturated 
oxides,  but  is  often  abforbed  by  thofe  which 
contain  only  a fmall  quantity  of  this  fubftance. 

The 
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The  fame  effect:  takes  place  with  tne  oxigen  oi 
the  atmofphere.  But  we  are  acquainted  with 
no  adtion  of  azote  upon  the  metallic  oxides. 

8.  Hidrogen  deconipofes  all  thofe  oxides,  the 
metallic  radicals  of  which  do  not  decoinpoie 
water;  it  frequently  attracts  the  remaining  por- 
tions of  the  oxigen,  even  from  thofe  whofe 
metallic  particles  do  decompofe  water.  I his 
dfe<5t  takes  place,  either'  in  the  cold,  or  at  a 
more  or  lefs  elevated  temperature.  By  this 
union  of  hidrogen  with  oxigen,  water  is  formed^ 
and  the  oxides  refume  the  metallic  ftate. 

q.  Carbon,  at  the  temperature  of  ignition, 
decompofes  all  the  metallic  oxides  ; but  it  ieh 
dom  produces  any  change  in  them  without 
heat.  It  is  by  this  fubftance  that  the  oxides 
are  molt  frequently  reduced,  and  metals  ob- 
tained. By  the  union  of  the  carbon  and  oxigen 
in  this  procefs  carbonic  acid  is  generated. 

10.  Phofphorus  decompofes  feveral  oxides  in 
the  cold,  but  ftill  more  with  beat  : it  forms 
phofphoric  acid,  and  alfo  reduces  the  oxides,  or 
brings  them  to  a metallic  ftate.  Pholphorated 
hidrogen  gas  a<5ts,  in  the  fame  manner,  on  burn- 
ed bodies,  but  more  rapidly  than  phofphorus  it- 
felf. 

11.  Sulphur  decompofes  but  very  few  of  the 
metallic  oxides,  or  only  deprives  fome  of  them 
of  a portion  of  their  oxigen  ; with  others  it 
combines  perfectly,  and  forms  fulphurated  ox- 
ides.  Sulphurated  hidrogen  gas  a6ts  quickly, 
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and  even  at  a cold  temperature  upon  many  ox» 
ides,  by  the  double  attrablion  of  the  hidrogen 
for  part  of  the  oxigen,  and  of  the  lefs  oxided 
metal  for  fulphur.  It  will,  hereafter,  be  feen, 
that  this  abtion  is  the  fource  of  many  very  re-* 
markable  phenomena,  and  chemical  combina- 
nations. 

12.  There  is  no  action  known  to  take  place 
between  the  diamond  and  the  metallic  oxides. 
Some  metals  abt  upon  feveral  of  the  oxides,  and 
decompofe  them,  either  completely,  as  is  the 
cafe,  \ when  they  have  more  attraction  for  ox» 
igen  than  the  radicals,  or  partially,  by  depriv- 
ing them  of  a portion  of  this  principle,  and  by 
becoming  oxided  themfelves,  fo  as  to  remain 
with  the  former,  in  a fort  of  equilibrium  of  oxi- 
dation. This  effebt  which  takes  place,  in  fome 
cafes,  in  the  cold,  and,  at  others,  only  by  heat, 
affords  many  ufeful  applications  to  the  pheno- 
mena of  chemiftrv,  as  will  be  feen  hereafter. 
On  pafiing  from  a metallic  oxide  into  another 
metal,  according  to  the  laws  of  attraction,  the 
oxigen,  in  its  new  combination,  fometimes  ac- 
quires a more  iolid  ftate  : a portion  of  caloric, 
and  frequently  even  of  light,  is  then  difengaged, 
and  the  redubtion  of  the  primitive  oxide,  and 
the  formation  of  the  other  is  accompanied  with 
inflammation.  This  effect  is  feen  on  the  reduc- 
tion of  the  red  oxide  of  mercury,  by  zinc,  tin, 
&c.  a defeription  of  which  I fliall  hereafter 
give. 

13.  Water 
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13.  Water  acts  only,  in  a mechanic al  way,  oii 
a great  number  of  metallic  oxides,  and  ferves 
to  divide  them,  or  to  feparate  their  particles, 
according'  to  their  degree  of  minutenefs,  as  is 
done  in  many  of  the  arts.  There  are  fome  ox- 
ides  which  it  diffolves,  and  which,  in  this  pro- 
perty, approach  to  the  nature  of  acids.  Thole 
fufceptible  of  affuming  the  character  of  acidity, 
are  alfo  foluble,  more  or  lels,  in  water,  like 
acids. 

14.  The  metallic  oxides  act  upon  each  other 
by  means  of  caloric.  Some  are  fufed  and  vi- 
trified by  others  ; and,  in  this  cafe,  they  fre- 
quently, by  a kind  of  equilibrium  of  attraction, 
divide  theoxigen  in  a different  proportion  from 
what  it  before  exifted  in  each.  Hence,  it  is, 
that  their  colour,  weight,  hardnefs,  and,  in 
ihort,  all  their  properties  are  changed  in  this  act 
of  combination . 

15.  Befides  the  metallic  oxides,  and  the  ox- 
ide of  hidrogen,  which  have  already  been  treat- 
ed of,  azote,  phofpliorus,  and  fulphur,  when  they 
begin  to  be  burned,  or  when  combined  with  a 
fmall  portion  of  oxigen,  afford  to  our  obferva- 
tion  thofe  kinds  of  oxides  which  precede  their 
converfion  into  acids.  From  this  caufe,  accord- 
ing to  the  remark  of  M.  Humboldt,  it  is,  that 
pholphorus  does  not  abforb  all  the  oxigen  of 
the  air,  but  retains,  in  the  azote  gas  which  is  fa- 
tin  cited  with  it,  a fmall  portion  of  oxigen  gas, 
and,  by  this  means,  conftitutes  a gafeous  oxide 
of  azote,  and  of  phofphorus,  or  an  azoturet  of 
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oxided  pliofphorus.  With  regard  to  the  diffe- 
rent oxides  under  their  various  forms,  fome 
have  already  been  mentioned  under  the  articles 
of  the  fécond  feéfion,  in  which  they  are  treated. 
The  oxide  of  azote  will  form  the  fubjecf  of  a 
more  particular  inveftigation,  when  I fhall  treat 
of  the  nitric  acid  ; for  it  muft  be  admitted,  that 
the  nitrous  gas,  fo  often  afforded  by  the  partial 
decompofition  of  this  acid,  is  a true  oxide  of 
azote.  With  refpedt  to  the  oxides  of  pholpho- 
rus  and  fulphur,  I have  already  obferved,  that 
phqfphorus  llowly  burned  by  the  aid  of  water, 
forms  a white  and  crumbly  cluft,  detached,  and 
falling  down  from  the  folid  and  tranfparent 
pliofphorus  : this  is  the  white  oxide  of  phof- 
phorus.  When  by  ftrong,  or  rapid  combuftion, 
a portion  remains  in  the  form  of  a powder,  or 
in  red  fcales  ; this  is  the  red  oxide  of  phofpho- 
rus,  nearly  approaching  to  the  acid  ftate.  The 
fame  effect  takes  place  with  fulphur  : when  it 
has  been  heated  or  melted,  for  fome  time,  with 
the  contact  of  air,  it  becomes  red  or  brown,  and 
is  then  in  the  ftate  of  oxide  of  fulphur.  It  does 
not  admit  of  a doubt,  that  pliofphorus  and  ful- 
phur, in  thefe  oxided  fates,  muft  have  proper- 
ties of  a different  nature  from  thofe  combuf  ible 
bodies  in  the  pure  ftate,  and  that  they  deferve 
confderable  attention  from  chemifts. 

Id.  It  is  very  remarkable,  that  hidrogen  can 
never  be  united  to  a fate  of  oxidation  lefs  than 
that  which  forms  waiter;  and,  as  the -water  it- 
feif  can  no  longer  abforb  a frefli  portion  of  oxi- 
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gen,  we  may  conclude,  that  the  two  bodies^  hi- 
drogen,  and  oxigen,  can  only  unite  in  a deter- 
minate proportion.  The  fame  effect  was  flip- 
poled  to  take  place  with  carbon,  of  which  the 
oxide  was  either  not  admitted,  or  unknown. 
But  out  of  more  than  twenty-four  combuftible 
bodies,  either  acidifiable,  or  fimply  oxidable^ 
there  are  only  hidrogen  and  carbon,  to  which 
this  conclufion  is  fuppofed  to  be  applicable;  for 
nothing  is  known,  with  certainty,  as  to  the  ox- 
idation, or  acidification  of  the  diamond.  We 
may,  however,  be  permitted  to  believe,  with  lè- 
verai modern  chemifts,  that  carbon  in  a ftate  of 
common  and  black  charcoal  is  a kind  of  oxide 
of  carbon  : for  it  will  be  feen  hereafter,  that  in 
many  natural  combinations,  where  it  is  not  par- 
ticularly oxided,  it  has  not  a black  colour,  and 
that  it  adopts  this  colour  only  when  it  is  infu- 
iated  and  has  began  to  be  burned. 

17.  The  lalt  kind  of  oxides,  of  which  I hi  all 
here  lay  a few  words,  are  thofe  denominated 
complicated  oxides,  or  oxides  with  binary  radi- 
cals. Thefe  are  ternary  compounds  of  hidro- 
gen, carbon,  and  oxigen  ; the  laft  mentioned 
fubftance.  being  united,  at  the  fame  time,  to 
the  fir  ft  and  fécond,  is  not  in  fufficient  quantity 
to  faturate  each  individually  : they  are  acidifia- 
ble  by  an  accumulation  of  oxigen.  They  are 
found  in  vegetables,  ol  which  they  reprefent,  or 
co nltx cute  the  immediate  materials.  In  the  fe- 
ventli  fedlion  of  this  work,  they  will  be  treated 
of  at  length. 
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18.  From  thefe  general  confiderat ions  it  ap- 
pears, that  there  are  four  very  different  kinds  of 
oxides,  which  may  be  diltinguifhed,  and  deno- 
minated as  follows  : 1.  Primitive  binary  oxides , 
fufceptible  only  of  one  proportion,  and  fat n rat- 
ed in  their  principles  from  their  firft  combina- 
tion : in  this  clafs,  there  is  only  water,  or  the 
oxide  of  hidrogen.  2.  Variable  binary  oxides  : 
inch  are  moft  of  the  metallic  oxides,  which  may 
differ  according  to  the  proportion  of  oxigen 
they  contain,  or  ex  iff  in  different  ftates  of  oxi- 
dation. 3.  Acidifiable  binary  oxides  ; or  thofe 
which,  by  a new  addition  of  oxigen,  pafs  from 
the  ftate  of  oxides,  to  that  of  acids  : there  are 
four  metals,  and  phofphorus,  fulphur,  and  azote, 
which  admit  of  this  change.  4.  Ternary  ox- 
ides : in  this  clafs,  I comprehend  carbonated 
hidrogen,  or  hidrogenated  carbon,  both  oxi- 
genated. 

19.  Laftly,  if  we  confider  the  operations,  or 
phenomena,  by  means  of  which  the  oxides  and 
the  acids  are  obtained,  by  burning,  or  uniting 
combuftibles  with  oxigen,  it  will  be  feen,  that 
this  phenomenon  may,  in  general,  be  com- 
prifed  under  the  name  of  oxigenation,  as  a ge- 
nus containing  two  fpecies,  namely,  oxidation 
and  acidification.  Thefe  views  will  be  deve- 
loped in  lèverai  of  the  following  articles,  which 
they  will,  at  the  fame  time,  tend  to  elucidate. 
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Article  IV. 

Of  Acids  in  general,  and  their  Clarification , 

1.  WE  denominate  acids,  thofe  burned  or 
oxigenated  bodies  which  are  characterifed  by 
their  four  tafte,  their  property  of  reddening  lè- 
verai blue  vegetable  colours,  their  ftrong  attrac- 
tion for  mo  ft  fub  fiances,  and,  by  the  formation 
of  faits,  when  they  are  combined  with  the  bafes 
which  will  be  treated  in  the  following  fedtion. 

c2.  Of  all  the  acids,  with  which  we  are  ac- 
quainted, the  greateft  number,  when  analyzed 
by  different  means,  appear  to  be  compofed  of 
combuftible  fubftances  and  oxigen.  Many  are, 
alfo,  formed  immediately  by  combuftion  ; they 
may  alfo  be  procured  in  a natural  ftate,  and  may 
be  obtained  from  the  places  where  they  are  dif- 
covered,  fometimes  in  a pure,  ftate  ; or  other- 
wife,  they  may  be  feparated  by  elective  attrac- 
tion, from  the  compounds  which  contain  them» 
3.  As  the  intimate  compofition  of  moft  of 
the  acids  is  known,  and  as  they  are  conftantly 
found  to  contain  oxigen,  their  acidity  is  attri- 
buted to  this  principle,  from  which  it  has  re- 
ceived its  name  from  this  effeht.  This  do&rine 
is  proved  by  three  principal  facts.  Bodies  be- 
come acid  only  by  abforbing  oxigen  : and  on 
depriving  them  of  this  principle,  either  totally, 

or 
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or  in  part,  their  acidity  is  deflroyed  or  dimi- 
ni {bed. 

4.  Since  oxigen,  or  the  acidifying  principle, 
is  common  to  all  the  acids,  it  is  natural  to  attri- 
bute their  generic  acid  properties  to  this  prin- 
ciple, and  the  fpecihc,  or  particular  properties 
in  each  individual  acid,  to  the  body  which  is 
dxigenated  by  it,  the  efiedt  of  which  mult  vary 
in  each  of  its  compounds.  This  is  denominated 
the  acidifiable  body,  the  bafe,  or  radical.  The 
lait  of  thefe  terms,  which  is  now  moft  generally 
employed,  implies,  that  the  acidifiable  matter  to 
which  it  is  given,  is,  in  feme  degree,  the  root 
of  the  properties  which  characterize  each  kind  of 
acid. 

,5.  Though  the  number  of  acids  in  nature, 
is  very  coniiderable,  we  ihall  here  fpeak  only  of 
thofe  which  are  formed  by  the  fimple  or  unde- 
compofed  fubftances  examined  in  the  preceding 
lection.  The  difti nation  of  mineral,  vegetable, 
and  animal  acids,  as  formerly  employed,  will 
not  be  preferved,  becaufe  it  has  produced 
many  errors,  and  becaufe  they  ought  to  be 
confidered  rather  by  their  intimate  nature 
than  by  their  origin.  It  mult,  however,  be 
obferved,  that  thofe,  which  are  here  treated 
of,  belong  more  properly  to  foffil  than  to  or- 
ganized bodies,  being  fimple  binary  compounds, 
the  radicals  of  which  cannot  be  decompofed  ; 
whereas  the  acids,  which  are  found  in  plants, 

. are  formed  of  binary  radicals,  and  thofe  of  ani- 
mals, 
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mais,  often  of  ternary  radicals,  but  always  unit- 
ed with  oxigen. 

6.  Carbon,  phofphorus,  fulpbur,  azote,  and 
four  metals,  are  the  eight  undecompofed  com- 
buftible  fubftances,  which,  when  combined  with 
a fufficient  portion  of  oxigen,  form  the  acids 
with  fimpleor  undecornpofed  radicals  belonging 
to  this  fedlion.  There  are  alio  three  acids  which 
appear  very  analogous  to,  and  equally  fimple 
with  the  preceding,  and,  like  them,  belong  to 
the  clafs  of  foffil,  or  mineral  acids,  though  we 
have  not  yet  been  able  to  effect  their  decompa- 
ction ; but  they  ought,  neverthelefs,  to  be 
placed  in  the  fame  feries.  Thefe  are  the  muri- 
atic, fluoric,  and  boracic  : thus,  by  ranging 
them  after  the  carbonic  acid,  of  which  carbon 
is  the  bafis  ; the  phofphoric  acid  which  has 
phofphorus  for  its  radical  ; the  fulphuric  which 
is  formed  by  fulpbur;  the  nitric,  compofed  of 
azote  ; and  the  four  metallic  acids  : the  whole 
will  amount  to  eleven  acids,  all  of  which  are  dif- 
ferent from  each  other. 

7.  But  as  lèverai  radicals  of  thefe  acids  may 
be  acidified  in  two  hates,  accordingly  as  they 
have  been  more  or  lefs  completely  burned,  or 
oxigenated,  which  has  been  already  mentioned 
in  the  preceding  fe diion,  we  may  add,  to  the 
above-mentioned  eleven  acids,  the  phofpho- 
reous,  fulphureous,  nitrous,  and  one  of  the  me- 
tallic acids,  which  will  augment  the  whole  num- 
ber to  fifteen.  And  as  the  muriatic  acid  may 
alfo  be  combined  with  oxigen,  and  pafs  to  the 
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particular  ft  ate  of  oxigenated  muriatic  acid,  the 
total  number  to  be  treated  of  in  this  febliort 
amounts  to  fixteen. 

8.  It  is  almoft  fuperfluous  to  obferve,  in  this 
place,  that  the  two  different  terminations  of 
the  names  applied  to  acids,  explain  the  particu- 
lar ftate  of  thofe  compounds;  thole,  for  in* 
dance,  terminating  in  ous  are  lefs  charged  with 
oxigen,  than  thofe  which  terminate  in  ic  ; that 
the  fpecific  names  of  the  acids,  are,  in  general, 
taken  from  thofe  of  their  radicals  ; that  though 
this  Wide  has  not  been  adopted,  with  refpect  to 
the  nitric  and  nitrous  acids,  which  having  azote 
for  their  radical,  and  ought  apparently  to  have 
been  denominated  azotic  and  azotous , it  is  be- 
caufe  the  authors  of  the  nomenclature,  not  beimr 
fatisfied  with  the  firft  denomination,  which  they 
had  but  provifionally  adopted,  though  it  has 
remained  for  ten  years,  were,  at  the  fame  time, 
inclined  to  refpect  the  ancient  names  of  nitre 
and  nitrous , which  were  generally  adopted. 

9.  All  the  acids  contained  in  this  fection,  have 
a four  tafte  ; but  in  fome  this  tafte  is  fo  ftrong, 
as  to  render  them  cauflic  and  terrible  poifons  ; 
in  others,  it  is  in  fome  degree  moderated,  while, 
in  certain  fpecies,  it  is  weak  and  never  four  : 
in  general,  however,  this  tafte,  like  all  the  acid 
properties,  follows  the  inverfe  ratio  of  the  ad- 
herence of  the  acidifying  principle.  The  ftrong- 
er  the  attraction  of  oxigen  for  the  radical,  the 
weaker  is  the  tafte,  which  thews  us  that  the 
caufticity  is  owing  to  the  cafy  reparation  of  this 
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principle,  and  its  more  or  lefs  rapid  tranfmiffion 
to  animal  fubftances. 

1 0.  The  property  of  changing  blue  vegeta- 
ble colours  to  red,  which  was  formerly  fuppofed 
to  be  an  effential  character  of  the  acids,  varies 
confiderably,  and  is,  at  prefent,  only  a fecondary 
character.  There  are  feveral  blue  vegetables, 
which  undergo  but  very  little  change  by  the 
action  of  thefe  compounds  ; fome  acids  redden 
only  the  moft  weak  and  delicate  blues  ; others 
change  the  nature,  injure,  and  even  deftroy  this 
colour.  But  there  are  fome  which  fcarcely,  in 

i/ 

the  fmalleft  degree,  or  even  not  at  all,  affect  the 
moft  delicate  colours. 

11.  Some  of  the  binary  acids,  or  thofe.  with 
limple  radicals,  treated  in  this  fection,  are  de- 
compofed  by  light  ; caloric  volatilizes  many, 
gaieties  feveral,  and  fufes  others,  which  are  fixed 
in  glaffes.  They  have  little  or  no  adtion  upon 
oxigen  gas,  if  we  except  the  acids  terminating 
in  oils,  which  have  not  been  faturated,  and  ab- 
forb  it  gradually.  Some  attract  the  water  dif- 
folved  in  the  atmofphere  ; others  affume  the 
hate  of  vapour,  and  become  diffolved  ; and 
others  remain  unchanged.  Simple  comhuftible 
bodies  adt  very  differently  upon  the  acids  : ac- 
cording to  the  force  of  attraction  which  exifts 
between  their  radicals  and  oxigen,  they  are 
either  decompofed,  or  not  decompofed  by  fome 
of  thofe  bodies,  as  may  be  feen  in  their  indivi- 
dual hi  (tory.  Moft  of  them  are  eafffy  foluble  in 
water  : they  all  combine  with  moft  of  the  me- 
tallic 
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tallic  oxides,  and  form  faits  that  will  be  ex- 
amined in  the  fedfion  on  metals. 

IQ.  From  the  general  differences  which  have 
juft  been  ftated,  we  may  derive  various  methods 
of  clafling  the  acids.  It  will  be  firft  obferved, 
that  fome  are  obtained  bv  direct  combination, 
and  are  decompofable,  while  the  component 
parts  of  others  continue  ftill  unknown  as  to 
their  parts,  as  they  have  never  been  decompofed, 
nor  can  be  artificially  produced  by  combina- 
tion. When  conftdered  with  refpedl  to  their 
ftate  of  acidification,  there  are  fome  which  are 
weakly,  and  others  ftrongdy  acidified.  The 
names  of  the  former  terminate  in  ous , and  thofe 
of  the  latter  in  ic. 

Some  acids  can  affirme  the  form  of  gas,  while 
others  can  only  be  obtained  in  the  liquid  ftate; 
fome  others  are  folid.  The  radicals  of  fome 
are  not  metallic  ; others  have  metals  for  their 
bafes.  Several  are  reckoned  among  the  moft 
violent  cauftics,  and  fome  are  but  flight] y 
acid. 

But  thefe  diftindlions  can  neither  be  indif- 
tinctly  adopted,  nor  combined  together;  not 
only  becaufe  this  adoption  would  produce  a 
very  unequal  divifion  of  the  acids,  but  alfo  be- 
caufe it  would  afford  no  real  advantage.  Be- 
ftdes  which,  ftnce  the  fixteen  fpecies  only  of 
acids  do  not  require  any  very  confiderable  feries 
of  diftindtive  properties,  when  thofe  acids, 

. whofe  compofition  is  known,  are  firft  treated, 
and  after  wards  the  unknown,  or  undecom- 
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pofed  acids,  which,  as  I have  already  obferved, 
have,  neverthelefi,  too  ftrong  analogies  to  admit 
of  their  being  feparated  from  the  former  : — I 
fhall  only  arrange  the  former,  according  to  the 
degree  of  attraction  which  their  radicals  poffefs 
for  oxigen,  fo  that  the  hrft  in  order  fhall  be  the 
leaft,  and  the  latter  tlie-moft  decomposable  ; and 
the  latter,  namely,  thofe  which  are  undecom- 
pofable,  will  be  arranged  according  to  their  re- 
fpective  powers  of  attraction.  After  each  acid 
faturatèd  with  oxigen,  I ill  all  place  that  which; 
though  it  has  the  fame  radical  is  lefsoxigenated, 
and  is  not  fo  ftrongdy  acid  as  the  firft.  From 
this  fimple  claffification,  which  poiTefles  the  ad- 
vantage of  continually  prefenting  to  the  memo- 
ry the  moft  important  chemical  faCts,  namely, 
thofe  of  the  elective  attractions,  I fhall  proceed 
to  examine,  under  feparate  articles,  the  carbonic  ; 
the  phpfphoric;  the  phofphoreous  ; the  fulphuric  ; 
the  fulphureous  ; the  nitric  ; the  nitrous  acids, 
and  the  metallic  acids  in  general  (which  I fhall 
here  confider  only  as  a genus  of  acids,  becaufe 
they  will  be  examined  at  length  in  the  feétion 
devoted  to  the  particular  hiftory  of  metals)  ; the 
muriatic  ; the  oxigenated  muriatic  ; the  flu- 
oric ; and  the  boracie  acids.  Five  metallic 
acids  being  thus  comprifed  in  a finglc  article, 
there  will  be  twelve  articles  required  for  treat- 
ing of  the  fixteen  acids. 
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Article  V. 

4 

Of  the  Carbonic  Acid. 

i 

1.  THE  carbonic  acid,  formed  as  has  been 
feen,  and  as  its  name  implies,  by  the  faturated 
union  of  carbon  and  oxigen,  the  confiant  pro- 
du  ce  of  the  combuftion  of  charcoal,  which  here 
poffeflgs  the  firft  place  in  the  order  of  acids, 
will  always  hold  a diftinguifhed  rank  among 
the  difcoveries  of  the  eighteenth  century,  be- 
caufe it  has  led  to  a number  of  other  difcoveries 
which  have  produced  the  chemical  revolution, 
and  given  birth  to  the  pneumatic  theory.  It 
is  neceffary,  therefore,  to  trace  its  hiftory  in  a 
few  words,  becaufe  it  is  intimately  connected 
with  one  of  the  greatefl  epochas  in  the  hiftory 
of  chemiltry,  and  becaufe  it  is  intimately  con- 
nected with  the  advancement  of  the  fcience. 

2.  The  ancients  confidering  it  as  a peftilential 
vapour,  diftinguifhed  it  by  the  name  of  Spirit  us 
Let  ha  lis.-  Paracelfus  and  Van  Helmont  con- 
ceived it  to  be  a particular  fubitance,  and  called 
it  Spirit  us  Sylvejîris,  and  gas.  Hales,  though 
he  fuppofed  it  to  be  corrupted  air,  diftinguiflied 
it  by  the  appellation  of  fixed  air,  under  which 
name  it  was  known  for  a long  time.  Boerhaave 
obtained  it  by  faline  effervefcence  in  a vacuum, 
and  imagined  it  to  be  attnofpheric  air,  Frede- 
ric 
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ric  Hoffman  difcoverecl  it  in  the  acidulated  mi- 
neral waters,  and  called  it  the  acid  vapour,  and 
ethereal  principle.  Yenel  was  the  firft  who,  in 
175-5,  fixed  it  in  pure  water,  and  imitated  a ga~ 
feous  mineral  water,  by  diffolving  the  elaftic 
produce  of  an  effervefcence,  though  he  attempt- 
ed to  prove  that  it  was  air. 

In  the  year  1757,  Black  affcrted  that  it  is  a 
peculiar  fub fiancé,  different  from  air  ; common- 
ly faturating  chalk  and  the  alkalis,  depriving 
them  of  their  caufticity  : and  he  permitted  it  to 
retain  the  name  of  fixed  air.  Immediately  after 
him,  followed  Cavendifh,  Macbride,  Lane,  J ac- 
quin,  Prieffley,  Bewley,  Bergmann,  Bouelle,  and 
Chaulnes,  who  examined  it  with  more  or  lefs 
attention,  and  difcovered  many  of  its  properties 
and  combinations,  as  well  as  its  chemical  attrac- 
tions. After  the  refult  of  their  inquiries  had 
been  made  known,  it  was  generally  confidered 
as  an  acid. 

In  the  year  177b,  Lavoifier  accurately  de- 
termined its  nature  and  compofition,  and  af- 
ferted  that  it  is  formed  of  the  pure  part  of 
charcoal  and  vital  air,  which  truth  had  been 
difcerned  by  Cavendifh  at  leak  ten  years  pre- 
vious to  that  period.  It  was  laftly  decompofed 
by  Tennant  and  Pearfon,  who  made  an  ac- 
curate analyfis,  and  difcovered  that  it  con- 
tains the  principles  indicated  by  Lavoifier,  viz. 
carbon  and  oxigen,  and  even  in  the  fame  pro- 
portions which  he  had  announced.  The  in- 
veftigations  of  the  above-mentioned  chemifts, 
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during  a fpace  of  twenty  years,  afforded  more 
information  relative  to  this  acid,  fo  long  un- 
known to  mankind,  than  was  known  with  re- 
lpcdt  to  the  other  acids  which  had  been  dif- 
covered  feveral  centuries  before  that  period. 
Thefe  inveftigations  alfo  led  to  the  ftudy  of 
the  elaftic  fluids,  and  to  the  revolution  that 
has  taken  place  in  chemiftry. 

3.  From  the  numerous  experiments  made  on 
this  acid  during  the  courfe  of  twenty  years,  it 
is  not  furprifing  that  it  fhould  have  received 
many  different  names.  Such  are,  after  thofe  of 
lpiritus  fylveftris,  or  lethalis,  the  names  of  fixed 
or  fixable  air,  which  at  firfl  were  generally 
adopted;  afterwards  thofe  of  mephitic  acid, 
and  aerial  acid,  the  former  given  by  Bewley, 
and  the  latter  by  Bergmann.  The  French  for 
fome  time,  adopted  the  denomination  of 
Bucquet,  who  called  it  cretaceous  (craieux) 
acid.  Lavoifier,  after  having  compofed  it  in  a 
direct  way,  diftinguifhed  it  by  the  name  of 
acid  of  charcoal,  which  at  the  epoch  of  the  me- 
thodical nomenclature,  in  1787?  was  changed 
to  that  of  carbonic  acid  ; and  this  denomina- 
tion is  at  prefent  generally  adopted. 

4.  Though  the  molt  {hiking,  and  in  fome 
degree,  the  molt  characteiriftic  ftate  of  the 
carbonic  acid  is  that  of  elaftic  fluidity,  it  is 
not  in  this  ftate  that  it  is  found  molt  frequently 
and  in  the  greateft  abundance  upon  our  globe. 
It  is  met  with  in  the  form  of  gas  in  many  fub- 
terraneous  caverns,  in  the  Grotto  del  Cano, 
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near  Naples,  and  generally  in  tliole  countries 
which  were  formerly,  or  are  at  prefent  fubjeél 
to  volcanic  eruptions  : it  exiils  in  a gafeous 
ftate  in  the  air  of  the  atmofphere,  but  combined 
only  in  the  proportion  of  one  or  two  parts  in 
an  hundred  ; many  of  the  natural  waters  hold 
it  in  folution  : in  ihort  it  forms  a conftituent 
part  of  a number  of  faits  and  minerals,  in 
which  it  is  contained  in  a , folid  form  ; whence 
we  may  conclude,  that  Nature  prefents  it  in 
the  three  hates  of  gas,  liquid  and  folid.  In  this 
refpeéi,  it  appears  to  be  the  molt  abundantly 
diffufed  of  any  acid  : and  if  any  of  them 
could  deferve  fuch  an  appellation,  the  carbonic 
ought  in  preference  to  be  denominated  the 
unvoerfai  acid. 

5.  Notwithstanding  the  abundance  in  which 
the  carbonic  acid  is  afforded  by  Nature,  as  it 
is  feldom  pure  and  at  the  difpofal  of  chemifts  in 
its  ftate  of  gas,  it  is  obtained  artificially  in 
this  ftate,  by  a number  of  different  proceffes. 
Thofe  proceffes  are  reduced  to  two  claffes  ; car- 
bonic  acid  gas  is  either  formed  by  diredl  com- 
bination, by  burning  charcoal  in  oxigen  gas, 
by  decompofing  the  metallic  oxides,  & c.  by 
means  of  charcoal,  affilted  by  heat,  in  the 
pneumato -chemical  apparatus;  by  accelerating 
the  fpontaneous  decbmpofitioji  of  faccliarine 
vegetable  fub fiances,  by  the  vinous  fermenta- 
tion, or  by  diflilliag  at  a ftrong  heat,  moft  of 
thofe  fubftances,  in  the  refiduum  of  which  the 
cat  bonic  acid  gas  is  found  in  abundance  ; or 
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die  this  acid  gas  is  ex  traded  from  the  faiine 
compounds,  of  which  it  forms  a part,  either  by 
heating  thofe  compounds  in  luted  veifels,  or  by 
canting  it  to  be  difengaged  by  means  of  acids 
ftronger  than  itfelf.  Among  thofe  procédés  the 
latter  is  generally  preferred  on  account  of  its 
limplicity,  its  facility  of  operation,  and  of  the 
fmall  expence  it  requires.  We  fhall  fpeak  of 
this  procefs  more  at  length,  under  the  article  of 
Salts;  and  it  will  therefore  only  be  necetfary  to 
obferve  here,  that  as  in  mo  ft  compounds,  the 
carbonic  acid  is  folid,  it  is  a neceffary  condi- 
tion, that  at  the  inftant  of  its  feparation,  it 
lliould  find  a portion  of  caloric  difengaged,  to 
convert  it  into  an  elaltic  fluid. 

6.  Carbonic  acid  gas,  whether  taken  from 
the  fubterraneous  caverns,  where  it  abounds,  or 
extraded  from  the  fubftances  which  contain  it, 
is,  as  may  be  readily  conceived,  a combination 
of  oxigen  and  carbon,  fufed  in  caloric,  or  a 
kind  of  ternary  compound.  To  preferve  its 
elaftic  fluidity,  a great  quantity  of  caloric  is 
not  neceffary,  becaufe  that  -which  held  the 
oxigen  in  lblution,  is  partly  difengaged  during 
the  folution  of  iyvdted  carbon  in  that  o-as.  This 
aeriform  acid,  which  chemifts  have  fo  long  con- 
founded  with  air,  differs  confiderably  from  that 
fluid  in  all  its  properties.  Though  very  tranf- 
parent,  and  in  moft  inftances  equally  invifible 
as  air,  it  is  often  rendered  vifible  and  vaporous 
by  water,  which  it  holds  in  folution,  as  well  as 
‘by  fmoke,  which,  remaining  at  its  furfacc,  and 
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fupported  by  reafon  of  its  greater  denfity,  foims 
a drat  urn  between  it  and  the  atmofphere,  It  is 
nearly  double  the  weight  of  common  air,  fo  that 
it  may  be  poured  from  one  veffel  into  another, 
where  it  difplaces  the  air,  and  remains  in  v effets 
opened  at  the  top,  in  cavities  of  the  earth,  and 
may  be  made  to  flow  from  cocks,  in  the  fame 
manner  as  a liquid.  When  poured  in  the  fun- 
fliine,  into  a veffel  full  of  air,  its  denfity  being 
greater  than  that  of  water,'  caufe  it  to  become 
flightly  vifible  by  the  undulations  and  veins 
which  it  forms  on  palling  through  this  fluid.  It 
is  not  fit  either  for  combuftion  or  refpiration. 
It  dupedes  and  fpeedily  kills  animals,  depriving 
the  heart  and  mufcles  of  all  irritability,  fo  that 
they  are  no  longer  affedted  by  the  Galvanic 
power.  It  extingui flies  lighted  bodies  in  the 
fame  manner  as  if  they  were  plunged  into  wa- 
ter. 


7.  It  has  a particularly  pungent  fmell,  which 
may  be  perceived  above  the  veffels  in  which 
wine  or  beer  is  in  a date  of  fermentation':  it  is 
alio  exhibited  in  lively  Champaigne  wine. 
W hen  an  operator  withes  to  difeover  its  pre- 
fence,  by  holding  his  noftrils  over  a veffel  in 


which  it  is  contained,  he  fliould  be  careful  not 
to  breathe  it  incautioudy  ; becaufe  it  excites 
cough  and  fneezing,  and  produces  fuch  a degree 
of  giddinefs  and  weaknefs  as  may  occafion 
fainting.  This  gas  is  alfo  found  to  poffefs  a 
tade  rather  acid  and  pungent  : it  eadly  reddens 
the  tinéture  of  turnfol,  which  when  expofed  to 
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the  air,  refumes  its  blue  colour  in  proportion 
as  it  is  deprived  of  this  acid,  which  is  gradually 
attracted  by  the  air  of  the  atmofphere. 

8.  Carbonic  acid  gas  admits  the  paffage  of 
light,  and  ref  rafts  it  without  undergoing  any 
fenfible  alteration  ; it  will  be  feen,  however,  in 
the  fequel,  that  it  tends  to  decompofe  it,  and 
favours  the  feparation  of  its  principles  by  other 
bodies.  Caloric  dilates  this  gas  in  a propor- 
tion, which,  when  compared  to  the  fufcepti- 
bility  of  dilation  polfelfed  by  other  elaftic 
fluids,  has  not  yet  been  determined.  Carbonic 
acid,  whether  liquid  or  folid,  has  fuch  a ten- 
dency for  fufion  in  caloric,  and  fo  great  a dif- 
petition  to  become  gafeous,  that  it  is  feparated 
by  fire  from  moft  of  the  compounds  which  con» 
tain  it,  and  is  thus  difengaged  in  the  form  of 
an  elaftic  fluid. 

9.  There  is  no  known  action  between  carbonic 
acid  o'as  and  oxmen.  It  cannot  abforb  a greater 

cD  O O 

quantity  than  it  contains,  or  become  fuper- 
oxigenated.  When  this  acid  gas  is  mixed  with 
oxigen,  it  may  be  refpired,  provided  the  for- 
mer does  not  exift  in  a greater  proportion  than 
one  third  of  the  latter,  for  then  it  acts  upon 
the  lungs,  and  injures  the  individual  by  whom 
it  is  refpired.  Carbonic  acid  gas,  when  left 
in  contaft  with  air,  is  gradually  dilfolved  ; and 
the  more  this  contaft  is  increafed,  the  more 
perceptible  is  the  folution.  In  a large  and  open 
veffel  the  carbonic  acid  gas  is  quickly  dif- 
fipated  ; in  a long  narrow  veffel,  the  orilice  of 
Vol,  IL  - E which 
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which  is  cl o fed,  it  remains  a much  greater 
length  of  time  before  it  is  diflolved  in  the  air. 
It  has  been  already  obferved.  that  the  air  of  the 
tmolphere  always  contains  a portion  of  this 
gas,  equal  to  0,01  or  0,02.  It  may  be  en c leafed 
to  0,10,  and  infpired  without  danger  by  patients 
who  have  fymptoms  of  ulceration  or  inflamma- 
tion of  the  lungs,  which  it  is  known  either 
to  cure,  or  to  retard  their  definitive  effects.  If 
this  gas,  mixed  with  air,  remains  at  reft,  in  a 
dole  exceeding  a few  hundredth  parts,  it  pre- 
cipitates and  occupies  the  lower  part  of  the 
v effet. 


10.  We  are  not  acquainted  with  any  attrac- 
tion between  azote  and  carbonic  acid.  Carbon 
bavins:  a much  greater  attraction  for  oxigeri 
than  is  poifelfed  by  azote,  the  latter  produces 
no  change  in  carbonic  acid.,  On  mingling  car- 
bonic acid  gas  with  azote  gas,  the  former  being 
yet  more  denfe  in  comparifon  to  the  latter  than 
it  is  with  reipedt  to  the  air,  is  feparated  more 
rapidly,  ami  fubfides-  towards  the  bottom  of  the 
ve  lie  Is  in  which  the  mixture  is  made. 

1 1.  Though  the  attraction  of  hidrogen  for 
ox  i gen,'  at  a cold  temperature,  is  greater  than 
that  of  carbon,  fmce  the  latter,  as  has  been 
fhown,  decompiles  water  only  at  the  tempera- 
ture of  ignition,  yet  hidrogen  gas  has  no  adtion 
upon  carbonic  acid  gas  at  any  temperature.. 
1 hole  elaftic  fluids,  when  mixed,  feparate  ac- 
cording to  their  fpeciftc  gravity;  this  effect, 
douhtlefs  arifes  from  their  gafeous  hate  ; for 
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every  circumftance  announces  that  hidrogen, 
either  in  a liquid  or  folid  form,  mud  be  capa- 
ble of  decompofmg  carbonic  acid  in  the  lame 
ftate.  Though  no  proof  of  this  fact  has  yet 
been  obtained,  it  neverthelefs  probably  takes 
place  in  the  animal  and  vegetable  compounds  : 
we  fh all  relume  this  important  topic  in  the 
feventh  and  eighth  fedlions  of  the  prefent 
work. 

12.  There  is  no  known  attraction  or  chemical 
combination  between  carbon  and  the  carbonic 
acid)  which  cannot  abforb  a greater  quantity  of 
this  principle  than  it  contains.  We  have,  how- 
ever, been  told  of  a carbonous  acid,  that  is  to  fay, 
the  carbonic  acid  loaded  with  carbon.  In  the 
courfe  of  the  prefent  work,  it  will  be  feen  that 
the  vegetable  acid  matter,  the  acid  of  nut- 
galls,  in  which  this  combination  has  been  af- 
ferted  to  exilt,  cannot  be  confidered  as  fuch, 
becaufe  it  at  the  fame  time  contains  hidrogen, 
which  is  elfential  to  its  nature,  as  a ternary 
compound.  Heated  charcoal  has  the  property 
of  abforb  me*  and  condenfme;  carbonic  acid 
gas  between  its  pores  ; the  latter,  however,  ad- 
heres but  dightly,  and  an  immerdon  for  a few 
féconds  under  water,  is  fufficient  to  etfedt  its 
feparation,  either  by  difolving  or  difengaging  it. 

13.  Phofphorus  has  no  action  upon  the  car- 
bonic acid  ; it  does  not  dilfolve  in  this  gafeous 
acid  at  any  temperature  whatever;  it  does  not 

. change  its  nature  ; becaufe  the  attradtion  of 
carbon  for  oxigen  at  the  red  heat  is  greater 
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than  that  of  phofphorus  for  the  fame  body.  It 
will,  however,  be  feen  hereafter,  that  by  means 
of  a difpofmg  attraction,  the  carbonic  acid  may 
be  decompofed  by  phofphorus. 

14.  Sulphur,  being  frill  lefs  attracted  by 
oxigen  than  phofphorus,  and  confequently  much 
lefs  than  carbon,  does  not  act  upon  carbonic 
acid  in  any  manner,  nor  at  any  temperature. 
It  has  been  alTerted  that  it  is  partly  diffolved 
by  heat,  in  this  gafeous  acid,  and  that  it  in  fome 
degree  imparts  the  fetid  odour  of  liilphurated 
hidrogen  gas  ; the  fame  effedt  muft  take  place 
with  phofphorus  ; but  thefe  flight  and  trail- 
fient  folutions  are  momentary  fufpenfions,  and 
not  real  combinations. 

15.  The  hidrogenated,  carbonated,  phof- 
pho  rated,  and  fulp  ha  rated  gafes  do  not  a<5t  upon 
carbonic  acid  in  any  manner  that  can  be  per- 
ceived  or  eftimated,  By  a mixture  of  the  laft- 
mentioned  with  the  former  gafes,  however,  their 
inflammability  is  diminifhed  or  entirely  pre- 
vented. We  meet  with  fimilar  mixtures  in  fe- 
veral  analyles,  particularly  in  the  products  of 
the  decompofition  of  animal  and  vegetable  fub- 
flances.  The  inflammable  gas  generated  in 
marfhes,  is  often  that  of  carbonated  hidrogen, 
intimately  mixed  with  carbonic  acid  gas.  The 
liilphurated  hidrogen  gas  obtained  from  ful- 

phureous  fp rings,  is  alfo  frequently  mixed  with 
carbonic  acid  gas. 

] 6.  1 he  carbonic  acid  does  not  aét  upon  the 
diamond;  it  can  have  no  other  relation  than 
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what  refuits  from  the  natural  analogy  that  ap- 
pears to  exilt  between  the  pure  adamantine 
fubftance,  and  the  radical  carbon  of  this 
acid. 

ly.  Moft  metals  undergo  no  alteration  by 
the  contact  of  the  carbonic  acid  ; fome  of 
thofe  which  have  the  greateft  attraction  for 
oxigen,  become  much  more  capable  of  de- 
compofxng  water,  and  depriving  it  of  its  oxid- 
in  g principle,  when  the  carbonic  acid  is  at  the 
fame  time  in  contact  with  the  metals  and  water; 
a proportion  of  hidrogen  gas  being  then  difen- 
gaged.  This  effect,  takes  place  in  confequence 
of  the  difpofmg  attraction  which  exifts  between 
the  acid  and  the  metallic  oxides.  Hence  it 
may  be  obferved,  that  there  is  no  union  be- 
tween the  metals  and  carbonic  acid,  and  that 
it  commences  only  at  the  inftant  when  the 
oxidation  of  the  former  takes  place.  It  ap- 
pears, however,  that  iron,  like  phofphorous,  is 
capable  of  decompofing  the  carbonic  acid, 
united  to  a bafe,  and  to  this  is  owing  the  im- 
portant fabrication  of  caff  fteel,  by  igniting 
iron  with  marble,  and  the  earth  of  crucibles, 
according  to  the  difcovery  of  Citizen  Clouet. 
This  fubjedt  will  be  treated  under  the  article 
Iron. 

18.  There  is  a confiderable  attraction  be- 
tween water  and  carbonic  acid  gas.  On  leaving* 
this  gas  in  contact  with  water,  the  latter  gra- 
dually abforbs  it,  and  caufes  it  entirely  to  dif- 
appear.  When  liquid  cold  water  is  agitated 
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with  carbonic  acid  gas,  the  combination  takes 
place  with  much  greater  rapidity.  It  is  ge- 
nerally laid  that  the  water  diffolves  the  gas  ; 
but  this  is  an  erroneous  expreffion,  fmee  the 
term  to  diffolve  can  only  be  applied  to  a foiid 
body  which  melts  in  a liquid.  It  is  proper  to 
obferve  that  the  water  condenfes  and  liquefies 
the  carbonic  acid  gas  by  abforbing  it.  This 
abforption  cannot  take  place,  unlefs  the  gas 
lofes  its  elaftic  fluid  form,  and  becomes  di- 
minilhed  confiderablv  in  bulk:  in  this  cafe 
then,  it  parts  with  its  aeriform  folvent,  or  ca- 
loric : but  it  contains  fuch  a linall  quantity, 
that  the  feparation  is  not  perceptible,  and  is  ef- 
fected without  producing  heat.  Neverthelefs 
when  ice  is  immerfed  in  this  gas,  it  lofes  its 
folidity,  and  becomes  fufed  at  its  furface. 

As  the  combination  of  carbonic  acid  gas  with 
liquid  water,  is  one  of  the  moft  important  phe- 
nomena of  this  acid  ; and  as  it  at  the  fame 
time  affords  one  of  the  moft  ufeful  articles  of 
the  materia  medica,  it  deferves  to  be  carefully 
deferibed. 

Though  water,  at  the  temperature  of  fifty 
degrees,  and  Hill  more  when  at  the  boiling 
point,  does  not  abforb  the  carbonic  acid  gas, 
which  pafies  through  it  without  lofs,  and  even 
increafes  in  bulk; — though  it  has  been  juftly 
faid,  that  the  colder  liquid  water  is,  the  more 
ot  this  gas  it  will  abforb,  it  muft  neverthelefs 
be  remarked  that  this  abforption  at  low  tem- 
peratures has  a fixed  term.  At  0,  or  at  the 
freezing  point,  no  union  takes  place  between 
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thefe  two  bodies:  hence  the  reafon  why  water 
containing  carbonic  acid  a; as,  difeharges  or 
lofes  it  at  the  inftant  of  freezing;  but  above  0, 
it  is  ascertained  that  liquid  water  abforbs  the 
gas  in  a greater  quantity,  the  nearer  it  ap- 
proaches to  that  degree.  At  twelve  degrees, 
the  common  heat  of  the  mo  ft  temperate  cli- 
mates, which  is  univerfally  called  the  mean 
temperature,  water  retains  -j~-  of  its  weight, 
or  nearly  its  own  bulk  of  carbonic  acid  gas  ; 
at  two  or  three  degrees  above  0,  it  may  retain 
nearly  double  the  quantity.  By  adding  pref- 
fure  to  the  cooling,  the  abforption  of  this  gas 
by  water  is  Angularly  facilitated.  With  the 
affiftance  of  machines,  for  the  purpofe  of  ef- 
fecting this  preffure,  the  philofophers  at  Geneva 
have  been  enabled  to  condenfe  in  a portion  of 
cold  water,  more  than  twice  and  an  half  its 
bulk  of  carbonic  acid  gas,  and  thus  to  form 
artificial  gafeous  waters  confiderably  ftronger, 
and  much  more  impregnated  than  thofe  af- 
forded by  Nature. 

Several  machines  of  different  conftruétions 
liave  been  invented,  in  order  to  effect  this  ab- 
forption, or  to  fat  urate  water  with  carbonic 
acid  gas.  Simple  agitators,  which  mix  and 
divide  it  in  the  veffels  immerfed  in  an  atmof- 
phere  of  this  gas,  fucli  for  inftance  as  the  top 
of  a calk  containing  wine  or  beer  in  a ftate  of 
fermentation,  will  be  fufficient  for  this  purpofe. 
A large  caff,  filled  with  equal  bulks  of  water, 

• and  carbonic  acid,  which  are  agitated  and 
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mixed  together  by  rolling  on  an  axis  (in  the 
fame  manner  as  is  practiied  in  making  comfits) 
is  a very  convenient  apparatus,  becaufe  this 
proportion  of  abforption  is  fufficient  for  every 
purpofe  ; and  though  this  water  is  denominated 
acidulous , fpirituous , gafeous , &çc.  the  name 
of  carbonic  acid,  which  expreffes  its  liquid 
ftate,  is  more  proper  for  diflinguifhing  this  com- 
bination. 

iq.  The  carbonic  acicl  in  - a liquid  ftate,  or 
folution  of  carbonic  acid  gas  in  water,  as  it  is 
generally  denominated,  is  heavier  than  pure 
water;  its  proportion  to  the  latter  is  as  10015 
to  10000.  It  has  a pungent  fharp  acidulous 
tafte  ; it  effervefces  on  agitation,  and  emits  a 
number  of  bubbles.  It  often  expels  the  corks, 
or  breaks  the  bottles  in  which  it  is  contained  : 

1 

it  is  deprived  of  its  acid  gas  by  the  exhauftion 
of  the  fuperincumbent  air  in  the  pneumatic 
machine, — by  limply  expoling  it  to  the  air, 
which  gradually  diffolves  it, —or  by  caloric 
. which  may  be  applied  or  accumulated  in  it. 
In  the  latter  cafe  it  appears  to  boil  much  more 
quickly  than  common  water.  It  reddens  the 
tinéture  of  turnfol.  It  is  prelerved  by  keeping 
it  in  well-flopped  veffels,  by  compreffing  it 
forcibly  with  corks  confined  by  ftrong  pack- 
thread or  wire,  and  ftoring  it  in  places  below 
the  temperature  of  12  degrees. 

20.  the  difcovery  of  this  folution  or  lique- 
faction of  carbonic  acid  gas  in  water,  has  ex- 
plained the  nature,  properties,  and  formation 
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the  mineral  waters  denominated  acidulous,  fpi- 
rituous,  or  gafeous  ; it  has  been  found  that  the 
latter  are  abfolutely  the  fame  as  thofe  prepared 
by  chemical  procédés,  and  hence  they  may 
with  great  precilion,  be  imitated  by  art.  This 
important  difcovery,  befides  affording  numer- 
ous applications  relative  to  the  hiftory  of  faits, 
|pf  which  we  fhall  fpeak  in  the  following  fee- 
tions,  has  alfo  explained  the  caufe  which  pro- 
duces the  pungency  and  other  fimilar  properties 
of  beer,  cider,  and  new  wines.  It  is  nothing 
more  than  a difen  gaiement  of  the  carbonic 
acid,  which  has  been  confined  during  the 
vinous  fermentation. 

21.  Moft  of  the  metallic  oxides  are  capable 
of  uniting  with  the  carbonic  acid,  and  thus 
forming  faturated  compounds,  which  are  often 
afforded  by  Nature  in  great  abundance,  and 
may  be  eafily  prepared  by  art.  Some  oxides 
even  have  the  property  of  abforbing  this  gafeous 
body,  when  heated  and  immerfed  in  it.  In  a 
liquid  form  it  alfo  combines  with  them,  and 
renders  many  of  them  foluble  in  water.  This 
phenomenon,  by  explaining  the  formation  of 
feveral  minerals,  and  of  certain  mineral  waters, 
has  greatly  contributed  to  the  advancement  of 
mineralogy,  as  I fhall  hereafter  drew.  It  will 
he  eafily  conceived  that  the  accounts  relating 
to  the  union  of  the  carbonic  acid  with 
oxides,  and  the  nature  of  the  metallic  cal~ 
bonates,  moft  properly  belong  to  the^^rt*cu  ay 
hiftory  of  metals. 
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22.  What  has  been  explained  here  with  refpect 
the  properties  of  the  carbonic  acid,  is  fufficient 
to  fhow  how  much  light  has  been  thrown  on 
the  phenomena  of  Nature  and  the  Arts,  by 
the  difcoveries  relative  to  this  acid.  The  com- 
bullion  of  charcoal,  the  alteration  it  produces 
in  the  air,  the  noxious  effedts  of  fub terraneous 
caverns, . the  formation  of  faits,  minerals,  and 
mineral  waters,  the  production  of  this  acid,  and 
of  water,  in  refpiration,  which  partly  confifts  in 
the  oxioenation  of  the  fuperabundant  carbon 
of  the  blood  ; even  vegetation  itfelf,  as  1 thall 
prove  in  a fubfequent  feet  ion,  and  a number  of 
other  phenomena,  which  will  be  developed  in 
the  following  articles,  and  wrere  formerly  con- 
fidered  as  inexplicable  miracles  ; have  all  now 
become  fimple  queftions  of  ealy  folution.  Hence 
we  fee  how  confiderable  an  addition  the  fcience 
of  natural  philofophy  has  received  from  the 
experiments  made  with  the  carbonic  acid. 

23.  The  whole  hiftory  of  this  important  acid 
may  be  divided  into  fix  principal  heads;  viz. 
that  of 

A.  Its  intimate  compofition  by  .the  union  of 
0,28  of  carbon,  and  0,72  of  oxigen,  together 
with  a certain  quantity  of  caloric,  by  which 
this  binary  compound  is  held  in  gafeous  fo- 
lution. It  takes  place  in  a number  of  circum- 
c'mftances,  which  have  either  been  already 
ineiiuonec],  or  w[\\  [)e  fp0ken  of  hereafter,  and 
wliicli  it  renders  very  intelligible. 


B.  Its 
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13,  Its  natural  hiftory,  which  prcfents  it  in 
a pure  and  gafeous  form,  or  in  gas  combined 
with  the  atmofpheric  air,  or  in  a liquid  ftate 
combined  with  water,  in  that  of  folid  and 
falifying  or  mineralizing  a number  of  foilils. 

C.  Its  phyfical  properties,  when  in  the  ftate 
of  gas  ; its  fpecific  gravity,  tafte,  and  fin  ell, 
compreftibility,  dilatability,  & c. 

I).  Its  combinations,  into  which  it  totally 
enters,  and  of  which  it  forms  an  integrant  part. 
Thefe  will  be  confidered  at  length  in  the  fob 
lowing  fections. 

E:  Its  decompofitions  which  fake  place  only 
by  complicated  and  pre-difpofing  att radiions, 
and  will  be  fpoken  of  feveral  times  in  fome  of 
the  articles  of  the  fifth  febtion. 

F.  Laftly,  its  multiplied  applications  to  the 
phenomena  of  Nature  and  Art,  which  prefen t 
the  knowledge  acquired  under  the  five  pre- 
ceding titles,  and  the  ufes  to  which  it  may  be 
applied. 

£4.  Thefe  ufes  of  carbonic  acid  gas,  or  of 
the  carbonic  liquid  acid,  are  very  frequent  in 
cliemiftry,  and  ferve  for  the  proportion  of  fe- 
veral compounds,  or  in  the  demonftration  of 
fcientific  truths.  It  is  alfo  ufed  on  many  oc- 
cafions  in  medicine,  as  a bracing,  antifeptic, 
diuretic,  antifcorbutic,  anticancerous  re- 
medy, &c.  It  has  even  been  extolled  as  al- 
moft  a fpecific  in  the  ftone  of  the  bladder. 
But  though  it  is  not  a remedy  to  be  neg- 
ledted,  it  has  been  very  far  from  anfwering 

the 
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the  fanguine  expectations  that  had  been  formed 
of  it.  One  of  the  cafes  in  which  it  is  mo  ft  ef~ 
fedtual  is  that  of  the  hemorrhoids,  the  pain  of 
which  it  frequently  affilages,  at  the  fame  time 
that  it  appeafes  and  diminifhes  the  fwelling  and 
diftenfion. 


Article  VI. 

Of  the  Phofphoric  Acid. 

1.  THE  name  of  phofphoric  acid  is  fufficient- 
ly  comprehenfive,  according  to  the  rules  laid 
down  in  the  fourth  article,  to  denote  the  fatu- 
rate  acid  combination  of  phofphorus  and 
oxigen.  I place  it  the  fécond  in  the  order  of 
acids,  with.fimple  radicals,  becaufe  its  radical 
holds  this  rank  among  the  combuflible  bodies 
capable  of  acidification,  in  confequence  of  its 
attraction  for  oxigen.  It  is  placed  immediately 
after  carbon,  and  has  never  been  known  by  any 
other  appellation. 

It  has  fometimes,  however,  been  called  the 
acid  of  phofphorus  ; but  this  denomination  is 
improper,  becaufe  it  appears  to  denote  its 
being  derived  from  phofphorus,  which  is  an 
error  of  the  ancient  fyftem  of  chcmiftry,  and 
alio  becaufe  if  we  underhand  it  to  imply  an 
acid  prepared  with  phofphorus,  it  will  be  con- 
founded witn  another,  namely,  the  phofphoreous 
acid,  from  which  it  ought  to  be  carefully  dif- 
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tingui flicd.  In  this  latter  point  of  view,  the 
name  of  acid  of  phofphorus  might  be  confidered 
as  generic,  and  thus  it  would,  in  a certain  re- 
fpect,  have  two  fpecies  ; one  the  phofplioric,  and 
the  other  the  phofphoreous  acid. 

2.  The  phofplioric  acid  has  not  long  been 
known  in  chemiftry.  In  conformity  with  the 
doctrine  of  Stahl,  it  v as  for  more  than  one-third 
of  the  eighteenth  century,  fuppofed  that  phof- 
phorus, then  procured  by  a method  which  will 
be  fpeedily  deferibed,  was  produced  by  the  mu- 
riatic acid,  hereafter  to  be  treated  of.  Mar- 
graff  was  the  firft  who,  in  the  year  1/43,  accu- 
rately diftinguifhed  it  from  all  the  other  acids, 
who  proved  that  it  exifts  in  human  urine,  and 
that  it  is  alone  capable  of  affording  phofphorus, 
and  that  phofphorus  alone  can  be  changed  into 
phofplioric  acid. 

This  important  difeovery  was  foon  confirmed 
by  the  chemical  world,  and  the  error  introduced 
by  Stahl  was  unanimoufly  rejected.  The  fame 
acid  was  afterwards  found  in  certain  vegetable 
fubftances,  though  an  opinion  had  long  prevail- 
ed that  it  was  almoft  entirelv  confined  to  animal 
matter.  In  the  year  1772,  Scheele  and  Gahn 
difeovered  it  in  bones,  Bergmann,  Prouft,  and 
Tenant  extracted  it,  in  confiderable  abundance, 
from  feveral  faline  and  metallic  foffils.  Lavoi- 
fier  proved,  by  accurate  and  ingenious  experi- 
ments, that  it  is  formed  of  phofphorus  and  ox* 
igen  ; and  even  afeertained  the  proportion  of 
its  conftituent  parts  ; and  flnee  that  period,  no 
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obfcurity  has  remained  with  regard  to  its  pro- 
perties. 

3.  Though  we  can  no  longer,  at  prefent,  afiert, 
that  the  phofph'oric  acid  belongs  to  a particular 
clafs  of  natural  bodies,  as  it  is  extracted  from 
foffils,  and  even  from  a cry  flat  gem,  the  chry- 
folite  of  commerce,  as  well  as  from  vegetables, 
and  animals,  it  is,  never thelefs  true,  that  it  is 
very  generally  found  diffufed  in  animal  fub- 
ftances,  from  which  it  may  be  ealily  extracted  ; 
that  it  is  fcarce,  and  not  abundant  in  vegetable 
compounds,  and  that  it  is  even  more  frequent 
in  minerals  than  in  them.  It  acts  a very  im- 
portant part  in  natural  phenomena,  whether 
geodefial,  or  thofe  relating  to  animalization. 

4.  Pure  phofplioric  acid  is  never  found  na- 
tive. It  is  ex  traded  by  art  from  natural 
compounds,  whether  earthy  or  metallic,  ani- 
mal or  foflil,  by  means  of  acids  ftronger  than 
itfelf  : it  is  compofed  in  a direct  way  by  the 
rapid  combuftion,  or  deflagration  of  phofpho- 
rus.  As  the  firft  procefs  frequently  affords  only 
an  impure  phofphoric  acid,  recourfe  is  more 
commonly  had  to  thofe  of  the  fécond  kind,  or 
the  complete  fabrication,  when  this  acid  is  re- 
quired in  a great  degree  of  purity.  For  this 
purpofe,  phofphorus  is  burned  under  receivers, 
filled  with  oxigen  gas,  placed  over  mercury,  the 
ignition  being  commenced  by  means  of  a curved 
rod  of  iron,  which  is  made  red-hot,  and  paffed 
through  the  liquid  metal.  Another  method  of 
burning  it,  confifts  in  fufmg  it  under  water, 
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and  Conveying*  oxigen  gas  to  it,  by  means  of  a 
tube.  In  the  firft  method,  it  is  obtained  in 
white,  concrete,  cryftalline,  and  fnowy  flakes  ; 
in  the  latter,  it  is  much  diluted  by  the  water, 
but  may  be  concentrated  by  evaporation.  It 
may,  alfo,  be  formed  by  decompofmg,  by  phof- 
phorus,  thofe  acids  the  radicals  of  which  have 
a lefs  affinity  for  oxigen  than  this  combuftible 
body,  as  will  be  fhown  under  the  articles  of  thofe 
acids. 

5.  In  all  the  preceding  operations,  it  is  ne- 
ceiTary,  in  order  to  obtain  phofphoric  acid,  to 
employ  nearly  two  parts  of  oxigen  to  one  of 
phofphorus  ; it  is  alfo  found,  that  the  oxigen 
gas  lofes,  in  this  combuftion,  the  greateft  poffi- 
ble  quantity  of  its  folvent  caloric  ; and  that  it 
mult,  therefore,  be  highly  concentrated  in  this 
compound.  This  important  refait  of  modern 
experiments,  explains  a number  of  properties 
polfeffed  by  this  acid,  which  were  formerly  un- 
intelligible. 

CD 

6.  The  phofphoric  acid  is  generally  kept  in 
laboratories,  in  the  form  of  a thick  and  almoft 
vifeid  liquor,  refembling  certain  oils,  produc- 
ing ftriæ  on  the  velTels  in  which  it  is  agitated  ; 
of  a fpecific  gravity  more  than  double  that  of 
water,  perfectly  inodorous,  of  a very  acrid,  but 
not  cauftic  tafte,  and  never  burns  organic  fub- 
ftances  ; it  reddens  a great  number  of  blue  ve- 
getable colours,  is  quite  incombuftible,  and  pof- 
feffes,  in  a remarkable  degree,  that  property  of 
attracting,  and  of  being  ftrongly  attracted, 

which 
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which  the  genius  of  Newton  had  attributed  to 
the  acids.  When  it  is  produced  immediately 
by  combuftion  without  moifture  in  oxigen  gas, 
it  adheres  to  the  Tides  of  the  veifels,  in  which  it 
was  fubliined  by  heat,  before  its  perfect  com- 
bination, in  the  form  of  white,  brilliant,  cryftal- 
lized,  and  very  acrid  fcales,  which  foon  lofe 
this  Hate,  and  pafs  to  that  of  liquid,  by  the  con- 
tact of  the  leaft  humidity,  or  even  of  the  exter- 
nal air.  And  laftly,  it  is  often  exhibited  in  the 
vitreous  form  of  which  we  fliall  fpeak  here- 
after. 

7.  Light  has  no  aétion  upon  the  phofphoric 
acid,  which  ftrongly  refracts  it  When  expofed 
in  a liquid  ftate  to  caloric,  W becomes  thick, 
concentrated  and  condenfed,  lofes  its  water, 
which  evaporates,  and  carries  with  it  a very 
final!  portion  of  the  acid.  It  may  be  brought 
to  a ftate  of  tranfparent  jelly,  and  preferves  this 
form  in  a well-clofed  veftel,  but  again  becomes 
liquid  on  being  expofed  to  the  air.  Wrater  is, 
therefore,  much  more  volatile  than  this  acid. 
If,  when  it  has  taken  the  gelatinous  form,  the 
heat  be  continued  till  it  become  ignited,  it 
melts,  expands,  is  covered  with  bubbles,  and,  at 
laft,  remains  in  a ftate  of  quiet  fufton.  Before 
the  blow-pipe,  in  the  platina  fpoon,  or  in  the 
cavity  of  charcoal,  it  may  alfo  be  made  to  adopt 
the  form  of  a vitreous,  and  very  tranfparent 
globule,  finiilar  to  a gem  of  the  fineft  water. 
In  this  vitreous  ftate,  the  phofphoric  acid  being 
very  brilliant,  imitates  the.  fparkling  of  certain 
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precious  {tones  : it  is  always  acid,  deliquefcent 
in  the  air,  and  foluble. 

8.  This  Angular  vitreous  ftate,  of  which  the 
phofphoric  acid  is  fufceptible,  does  not,  in  any 
refpecl,  alter  either  its  nature,  or  the  proportion 
of  its  conftituent  parts  : it  proves  the  great 
fixity  of  this  acid  : and  if  we  are  furprifed  to 
learn,  that  it  contains  a fubftance  fo  volatile  as 
phofphorus,  we  muft  recolledl  the  ftate  of  folidi- 
ty  which  the  oxigen  has  acquired  by  lofing  fo 
enormous  a quantity  of  caloric.  The  vitreous 
phofphoric  acid  can  only  be  obtained  in  a very 
pure  ftate,  when  it  is  the  product  of  phofphorus 
burned  by  oxigen  : and  when  it  is  melted  in  a 
platina  crucible.  Whenithas  been  extracted  from 
a compound,  of  which  it  formed  a part,  it  often 
retains  a fmall  quantity  of  the  earthy,  alkaline, 
or  even  metallic  bafes  to  which  it  was  united. 
When  fufed  in  veffels  of  earth,  glafs,  or  metal, 
it  diffolves  the  material  or  fubftance  of  thefe  vef- 
fels  ; it  affords  after  fufion,  opaque  glaffes, 
which  are  coloured,  infipid,  infoluble,  not  deli- 
quefcent in  the  air,  but  odorant,  and  luminous 
when  rubbed  in  the  dark.  When  a glafs  of  very 
pure  phofphoric  acid  is  diffolved  in  water,  it  does 
not,  in  the  leaft  degree,  differ  from  the  phos- 
phoric liquid  from  which  it  was  produced. 

9.  It  muft  be  obferved,  that  the  concrete  and 
lamellated  phofphoric  acid  immediately  melts  , 
into  glafs  the  inftant  it  becomes  ignited,  with- 
out fwelling,  or  affording  bubbles  ; which  is  a 
confequence  of  its  not  parting  with  water,  or 
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bècaufe  it  has  little  to  lofe  before  it  all  times  the 
vitreous  Hate.  This  glafs,  when  once  formed, 
alfo  melts  without  motion  or  vapour,  as  foon  as 
it  is  red  ; it  is  even  fo  fufible,  that  it  may  be 
ufed  as  a folvent  for  many  other  bodies. 

10.  The  phofphoric  acid,  in  its  various  ftates, 
has  no  attraction  for  oxigen,  nor  its  gas, 
being  completely  faturated  with  that  principle. 
By  expofure  to  the  air,  it  only  attracts  its  hu- 
midity ; that  which  is  dry  and  concrete  at- 
tracts moifture  with  great  force  and  rapidity  ; 
whereas  in  that  in  the  gelatinous,  or  denfe  li- 
quid hate,  the  attraction  operates  more  flowly  ; 
but  this  alfo  abforbs  nearly  half  of  its  weight  ; 
the  vitreous  acid  requires  a length  of  time  to 
become  humid  ; and  when  its  external  ftratum 
is  thick  and  gelatinous,  this  defends  its  internal 
part,  fo  that  it  long  retains  its  form,  and  acquires 
the  liquid  ftate  not  without  much  difficulty. 
It  undergoes  no  change  from  the  action  either 
of  azote  or  azote  gas,  from  which,  as  we  ffiall 
hereafter  explain,  phofphorus  abforbs  oxigen. 

11.  No  aCtion  is  obier  ved  bet  wen  the  phof- 
phoric acid  and  hidrogen  gas  : nor  is  there  any 
abforption,  or  change,  in  either  by  contaCt. 
It  has  not  been  proved,  by  any  direCt  experi- 
ment, that  the  phofphoric  acid,  in  a hate  of 
fufion,  is  decompofed  by  hidrogen  ; it  might 
he  conjectured,  that  watered  phofphorus  are 
formed,  though  the  attraction  of  hidrogen  and 
phofphorus  for  oxigen,  appears  to  be  very  near- 
ly, or  almoft  alike,  from  the  fmall  degree  of 
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auxiliary  or  difpofing  force,  which  is  required 
to  be  added  to  phofphorus,  in  order  to  decom- 
pofe  water. 

12.  Carbon  does  not,  in  any  degree,  alter  the 
nature  of  phofphoric  acid  in  the  cold;  fo  that, 
at  a low  temperature,  phofphorus  has  a greater 
attraction  for  oxigen  than  for  carbon  ; but  in  a 
heat,  fufficient  to  ignite  the  latter,  if  it  be 
brought  into  contact  with  the  former  in  its  dry 
or  vitreous  hate,  the  order  of  attractions  is  re- 
verfecb;  the  carbon  abforbs  the  oxigen  from  the 
phofphorus,  which,  on  being  difengaged,  rifes 
in  fublimation,  at  the  fame  time  that  the  car- 
bonic acid  which  has  been  formed  is  driven 
off.  Such  is  the  theory  of  the  operation  by 
which  phofphorus  is  obtained,  when  dry  phof- 
phoric acid  is  diftilled  with  charcoal  ; an  ope- 
ration which  has  now  become  much  more  Am- 
ple and  eafy  than  it  formerly  was.  Though  this 
experiment  may  fucceed,  by  diftilling  a mixture 
of  liquid  phofphoric  acid  mixed  with  powdered 
charcoal  ; or  elfe  a mixture  of  charcoal,  and  fix 
times  its  weight  of  vitreous  phofphoric  acid, 
both  reduced  to  powder, — yet  the  firfr  procefs 
requires  a tedious  firft  operation,  and  the  latter 
too  ftrong  a heat,  which  often  breaks  the  earth- 
en retorts  which  are  commonly  ufed.  The  pre- 
ference ought,  therefore,  to  be  given  to  the  ope- 
ration which  conflits  in  taking  phofphoric  acid 
of  the  confiftence  of  honey  before  fufion,  and 
diftilling  it  in  luted  glafs  retorts,  with  a fixth 
part  of  its  weight  of  charcoal  of  white  wood. 
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Some  water  is  placed  in  the  receiver,  in  which 
the  extremity  of  the  month  of  the  retort  is  im- 
merfed,  in  order  that  the  hot  and  melted  drops* 
of  phofphorus  which  are  dit  tilled,  may  not 
burn,  hut  be  quibkly  congealed  in  the  water 
which  receives  t hem.  A ftill  better  kind  of  re- 
ceiver is  a veil  el  of  copper,  about  two-thirds 
full  of  water,  having  a tube,  paffmg  to  the  bot- 
tom of  the  vefTel,  to  receive  the  neck  of  the  re- 
tort. The  decomposition  of  phofphoric  acid  by 
carbon,  agrees,  with  its  formation,  in  proving 
that  it  is  compofed  of  0,39  of  phofphorus,  and 
0,61  of  oxigem 

13.  Phofphorus  cannot  he  combined  in  a di- 
rect manner,  with  the  phofphoric  acid,  either 
with  or  without  heat.  Calorie,  which  fo  fre- 
quently affifts  the  mutual  action  of  bodies,  does 
not  produce  any  effect  in  the  p relent  inftanee  ; 
becaufe  the  phofphorus  is  very  volatile  and  Bab- 
ble, and  the  phofphoric  acid  fixed,  and  long  in 
affirming  the  vitreous  and  igneous  ftate  of 
fufion.  Neverthelefs,.  the  phofphoric  acid  is 
apparently  capable  of  combining*  with  a great- 
er quantity  of  phofphorus,  fo  as  to  pafs  to  the 
itate  of  phofphoreous  acid.  But  this  order 
of  acid  combination,  cannot  take  place  ex- 
cept by  uniting  only  a fmall  quantity  of  oxigen 
to  the  phofphorus  at  the  inftant  of  combuftion, 
and  not  by  the  dire  ft  addition  of  more  phof- 
phorus to  the  phofphoric  acid. 

14.  Sulphur  does  not  aéfc,  in  any  manner* 
upon  the  phofphoric  acid,  whatever  may  be  the 
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temperature  at  which  they  are  treated.  Pliof- 
phorus  having  a greater  alii  nit  y to  oxigen  than 
fulphur  has,  can  neither  give  to  nor  divide  with 
the  latter  the  oxigen  with  which  it  is  laturateci 

15.  There  is  no  action  between  phofphoric 
acid  and  the  diamond.  The  latter  remains 
amidft  the  acid,  when  in  a ltate  ot  fufion,  and 
may  be  kept  for  a length  of  time  red-hot,  with- 
out experiencing:  the  flighted  alteration  : this 
fact  conftitutes  a difference  between  the  dia- 
mond and  carbon,  in  common  with  which,  how- 
ever, it  appears  to  poffels  the  remarkable  pro- 
perty of  affording  carbonic  acid  by  combus- 
tion. It  may  probably  he  attributed  to  the 
ftrong  aggregation  of  the  particles  of  the  dia- 
mond. 

lb.  No  metal,  in  the  metallic  ftate,  can  unite 
with  the  phofphoric  acid.  This  acid,  in  the  li- 
quid ftate,  undergoes  no  alteration,  whatever 
may  be  the  temperature  to  which  it  is  expo-fed 
along  with  the  metals  : but  by  the  addition  of 
this  acid,  lèverai  of  the  metals  acquire  the  pro- 
perty of  decompofing  water,  of  dilengaging  its 
hidrogen  in  gas,  and  abforbing  its  oxigen. 
This  effect  is  owing  to  a difpofing  attraction. 
When  the  moft  combuftihle  metals  are  heated 
with  the  vitreous  phofphoric  acid,  though  none 
of  them  has,  in  reality,  a greater  attraction  for 
oxigen  than  phofphorus  has,  there  is,  neverthe- 
lefs,  by  means  of  a double  attraction,  a forma- 
tion of  oxide  and  metallic  phofphuret.  To  ob- 
tain this  kind  of  compound,  it  is  neceffary  to 
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fiibmit  to  a ftrong  heat  in  a crucible,  three  parts 
of  metal  with  one  part  of  concrete  phofphoric 
acid;  which  will  entirely  difappear;  and  the 
metal  will  be  found  partly  oxided,  and  partly 
combined  with  the  phofphorus.  The  following 
is  the  theory  of  this  operation:  the  quantity  ot 
the  metal  being*  more  confiderahle  than  would 
he  necelfary  to  abforb  all  the  oxigen  contained 
in  the  phofphoric  acid,  part  of  this  metal  a6fs 
upon  the  oxigen  of  the  acid,  while  the  other 
part  a<5ls  upon  the  phofphorus,  and  hence  - re- 
faits, both  an  oxide  and  a metallic  phofphuret. 
This  inflance  of  double  attraction  on  the  part 
of  a tingle  body  may  be  applied  to  feveral  facts 
of  the  fame  nature. 

1 7-  Water  has  a great  attraction  for  the  phof- 
phoric acid.  When  in  the  form  of  white  and 
dry  flakes,  it  diffolves  in  a fmall  quantity  of 
th  is  fluid,  caufing  a noife  fimilar  to  that  of  red- 
hot  iron,  when  plunged  in  water,  and  difen  gag- 
ing a quantity  of  caloric.- — The  vitreous  acid 
is  far  lefs  fpeediiy  diffolved  ; the  concentrated 
liquid  phofphoric  acid  flowly  unites  with  it,  and 
produces  fcarcely  any  heat.  Thefe  two  bodies 
may  be  combined  in  every  proportion.  The 
acid  lofes  more  of  its  tafle,  denfity,  weight,  and 
force,  in  proportion  as  the  quantity  of  water  is 
inereafed:  and  the  water  can  only  be  feparated 
from  this  combination  by  means  of  caloric.  It 
is  much  more  volatile  than  the  acid,  which  be- 
comes concentrated  accordinedy  as  the  water 
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is  difengaged  in  the  form  of  vapour.  The  acid, 
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after  this  evaporation,  paffes  fucceffively  through 
the  ftates  of  denfe,  vifcid,  gelatinous  fluid,  to 
that  of  glafs. 

18.  The  phofphoric  acid  readily  combines 
with  moft  of  the  metallic  oxides,  with  which  it 
forms  faits  fufible  by  heat  ; fparingly  foluble  in 
water,  but  foluble  in  the  phofphoric  acid  ; feme 
of  which  are  cryftallizable  by  cold  after  fulion. 
Moft  of  them,  when  heated  with  carbon,  afford 
phofphorus,  or  metallic  phofphurets.  Each  of 
thefe  faits  will  be  defcribed  under  the  articles 
of  the  metals. 

I£).  The  phofphoric  acid  does  not  form  any 
combination  with  carbonic  acid,  nor  its  gas. 
As  it  is  ft  ronger,  or  more  fufceptible  of  change 
than  the  latter,  by  a great  number  of  bodies,  it 
expels  the  carbonic  acid  from  moft  of  its  com- 
binations: and  thus  feparates  it  from  water,  and 
produces  an  effervefcence  in  the  acidulous  wa- 
ters, whether  natural  or  artificial. 

l20.  The  accurate  knowledge  we  poffefs,  re- 
fpecling  the  properties  of  the  phofphoric  acid, 
render  it  of  importance  at  the  prefent  period  in 
a great  number  of  chemical  operations.  It  is, 
therefore,  to  be  regretted,  that  this  acid  is  fo 
fcarce  and  dear,  on  account  of  the  difficulty 
with  which  its  radical  is  procured,  for  if  it  were 
more  common,  many  advantages  would  be  de- 
rived from  it  in  the  fcicnces.  To  the  fame 
eaufe,  doubtlefs,  may  be  attributed  its  prefent 
limited  ufes;  for  feveral  of  its  faline  combina- 
tions arc  fcarcelv  known  or  employed  ; as  will 

be 


7â  PHOSPHOKEOüS  ACID. 

be  ihown  în  fome  fubfequent  articles.  Its  prin- 
ciple ufe  is  for  the  extraction  or  preparation  of 
phofphorus.  Phyficians  have  begun  to  pre- 
scribe it  as  an  antifeptic,  cooling,  and  folvent 
medicine  ; as  an  external  application  in  feveral 
tumours,  and  particularly  thofe  of  an  offeous 
kind.  It  is  particularly  ufed  in  the  preparation 
of  faits  which  are  given  as  opening  medicines. 


Article  VII. 

Of  the  Phofphoreous  Acid. 

1.  THE  phofphoreous  acid  has,  even  in  mo- 
dern times,  been  confounded  with  the  phofpho- 
ric  acid.  It  was  not  known,  till  the  new  ideas 
had  been  formed  refpedting  the  various  degrees 
of  comb  lift  ion  and  the  different  proportions  of 
oxigen  united  to  combuftible  bodies,  that  phof- 
phorus, when  fiowly  burned,  forms  a kind  of 
acid,  different  from  that  afforded  by  it  when 
burned  rapidly,  and  with  deflagration.  LaVoi- 
fier  was  the  firft  who,  in  1777,  proved  that  the 
acid  obtained  by  the  perfeét  combuftion  of 
phofphorus,  forms  combinations  very  different 
from  thofe  afforded  by  the  acid  which  is  ob- 
tained by  the  flow  combuftion  of  the  fame 
fubftance. 

2.  The  principles  adopted  in  the  new  nomen- 
clature fliow,  that  the  phofphoreous  acid  is  lefs 
ftrong,  and  lefs  active  than  the  phofphoric  acid, 
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and  contains  lefs  oxigen  ; that  it  is  conftantly  the 
produce  of  a flow  and  merely  luminous  coin- 
buftion,  which  caufes  a lefs  quantity  of  the 
acidifying  principle  to  be  abforbed  by  the  phot- 
phorus  than  in  the  cafe  of  rapid  and  fiery  com* 
buftion. 

3.  It  is  a natural  confequence  of  what  has 

j. 

been  juft  ftated,  that  if  the  phofphoreous  acid  be 
phofphorus  with  a lefs  portion  of  oxigen  than 
the  phofphoric  acid,  it  may  alfo  be  confidered 
as  phofphoric  acid  fuper-fatu  rated  with  phof- 
phorus, or  holding  in  fokition  phofphorus  not 
faturated  with  oxigen.  We  may,  alfo,  fuppofe 
two  methods  of  preparing  the  phofphoreous  acid. 
One  method  would  conflit  in  adding  phofphorus 
to  the  phofphoric  acid  ; but  it  has  been  ihown 
in  the  preceding  article,  that  this  is  not  prac- 
ticable, and  that  we  cannot  fucceed  by  an  im- 
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mediate  abtion  ; the  other,  which  alone  is  prac- 
ticable, conflfts  in  Amply  combining  with  phof- 
phorus the  neceffary  quantity  of  oxigen  to 
reduce  it  to  the  flate  of  acidification  defined  by 
the  name  of  phofphoreous  acid. 

4.  As  the  phofphoreous  acid  is  never  found 
native,  it  muft  be  prepared  artificially,  by  col- 
lecting, by  means  of  a proper  apparatus,  the 
produce  of  the  flow  and  merely  luminous  com- 
buftion  of  phofphorus  in  the  air  of  the  atmo- 
fphere.  When  phofphorus  is  expofed  in  the 
air,  which  is  inceffantly.  agitated  and  renewed 
around  it,  it  begins,  as  we  have  before  obferved, 
to  be  diffolved  in  the  azote  gas;  after  which  it 
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gradually  combines  with  the  atmofpheric  ox- 
igen,  and  its  acid,  in  a ftate  of  vapour,  is  car- 
ried away  in  the  atmofphere,  while  its  fucceffive 
formation  is  attended  with  ‘dreams'  of  light 
clearly  diftinguifliable  in  the  dark.  But  when 
this  operation  is  performed  in  a clofed  apparatus, 
fo  that  the  air  cannot  circulate  round  the  phof- 
phorus,  and  into  which  the  atmofpheric  air  is 
but  flowly  admitted,  and  only  in  a proportion 
neceffary  to  fupport  the  luminous  combuftion 
of  this  body,  the  acid  which  is  formed  envelops 
the  phofphorus  with  a vapour  white  in  the  day 
and  luminous  at  night,  which  condenfes  on  the 
furface  of  the  combuftible  body  ; which,  by 
attracting  the  water  of  the  atmofphere,  becomes 
moi  ft,  diffolvcs,  and  fpeedily  flows  in  fmall 
drops.  Thefe  drops,  when  collected,  conftitute 
the  phofphoreous  acid,  of  which  the  proportion 
of  conftituent  parts,  phofphorus  and  oxigen, 
cannot  be  eftimated  in  this  operation,  on  ac- 
count of  the  water  which  combines  with  the 
acid,  and  renders  it  liquid. 

5.  It  may  be  eaftly  underftood  that,  in  order 
to  fulfil  the  conditions  above  fpecified,  it  is  ne- 
ceffary to  be  provided  with  an  apparatus  that 
will  gradually  admit  the  air,  and  receive  the 
acid  as  it  becomes  liquefied.  Thefe  objedls 
are  attained  by  the  following*  means  : cylinders 
of  phofphorus  are  placed  in  glafs  tubes,  open  at 
the  top,  and  drawn  into  a point  at  the  lower 
end,  where  they  are  alfo  open  : thefe  tubes  are 
arranged  in  a large  funnel,  fo  that  their  {lender 
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extremities  are  colleéted  towards  the  pipe, 
which  is  inferted  in  a glafs  bottle.  By  this 
means,  the  pieces  of  phofphorus  do  not  become 
heated  by  mutual  contact,  and  are  not  fubjeét 
to  inflammation  by  the  rapid  combuftion  which 
often  happens  when  they  are  expofed  by  the 
fide  of  each  other  on  the  funnel  Over  this 
funnel,  and  the  bottle,  which  hands  upon  a 
plate,  is  placed  a glafs  receiver  with  two  final! 
lateral  tubes,  provided  with  ftoppers,  which  can 
be  removed  or  clofed  at  pleafure,  according  as  it 
mayffe  wifhed  to  increafe  or  diminifh  the  com- 
buftion.  The  bottom  of  the  receiver  is  im- 
merfed  in  water  which  covers  the  plate,  and,  at 
the  fame  time,  furnifhes  the  acid  with  an  appro- 
priate folvent.  The  liquid  phofphoreous  acid 
flows  gradually  into  the  decanter  ; and  nearly 
three  times  the  quantity  of  the  phofphorus  is 
-obtained.  From  this  procefs,  before  its  dif- 
ference from  the  phofphoric  acid  was  accurate- 
ly determined,  it  was  called  phofphoric  acid  bp 
deliquefcence . 

6.  The  phenomena  which  accompany  the 
phofphoreous  acid,  the  feeble  light,  the  infenfible 
heat,  fo  different  from  the  burning  ardor,  and 
the  vivid  flame  obferved  during  the  preparation 
of  the  phofphoric  acid,  prove  that  the  phofpho- 
reous acid  is  not  diftinguifhable  from  the  latter 
by  a lefs  proportion  of  oxigen  alone,  but  alfo 
by  the  ffate  of  this  acidifiant  principle,  which 
appears  to  be  much  lefs  folid,  and  to  retain 
much  more  caloric  than  in  the  phofphoric  acid. 
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be  feen  that  thefe  two  differences  may 
lead  to  an  explanation  of  their  properties. 

7.  The  phofphoreous  acid,  prepared  by  the 
proeefs  of  Pelletier,  which  has  juft  been  de~ 
i cri  bed,  is  in  the  form  of  a thick  white  liquid, 
fefembling  a fyrup,  {lightly  adhefive,  and  form- 
ing breaks  upon  glafs  like  an  oil.  Its  confidence 
however  varies  according  to  the  ftate  of  the  air, 
“which  contributed  to  its  formation.  It  is  more 
liquid  when  the  air  is  extremely  nioift.  Its 
fpecific  gravity  has  not  been  compared  with 
that  of  the  phofphoric  acid,  which  appears  to  be 
rather  more  denfe.  Its  acrid  and  pungent  tafte, 
which  fets  the  teeth  violently  on  an  edge,  is 
not  very  different  from  that  of  the  phofphoric 
acid,  from  which  it  cannot  be  diftinguilhed  by 
the  palate  ; nor  can  the  excefs  of  phofphorus 
bé  perceived  by  the  fame  fenfe.  It  reddens 
blue  vegetable  colours  nearly  in  the  fame  man- 
ner  as  the  phofphoric  acid. 

8.  The  phofphoreous»  acid  is  not  affected  by 
light,  which  it  refracts  more  ftrongly  than  the 
phofphoric  acid  in  proportion  to  its  denfity. 
Caloric  adts  far  other  wife  upon  it  than  upon 
the  phofphoric  acid,  and  it  is  by  this  addon 
that  the  acids  may  be  particularly  diftinguilhed. 
On  expofing  the  phofphoreous  acid  in  a glafs 
retort,  it  firft  lofes  part  of  its  water  ; when  it 
is  concentrated,  there  may  be  perceived  lud~ 
denly  to  rife  from  the  bottom  of  the  veffel,  a 
number  of  bubbles,  which  burft  at  the  furface 
of  the  liquor,  affording  a white  and  thick 
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fmoke,  which  iometimes  takes  fire,  when 
there  is  a fufficient  quantity  of  air  in  the  ap- 
paratus. If  the  experiment  be  made  in  an 
open  veffel,  each  bubble  affords  in  the  air,  a 
vivid  deflagration,  and  produces  an  unpleafant 
odour,  which  is  apparently  fimilar  to  phof- 
phorated  hidrogen  gas.  Thefe  inflammable 
bubbles  continue  for  a length  of  time  ; and  the 
phofphoreous  acid  cannot,  but  with  great  ditri- 
culty,  be  entirely  deprived  of  that  fubftance, 
namely,  the  phofphorus  which  forms  them  by 
its  d Rengagement,  fo  as  to  bring  it  to  the  ftate 
of  very  pure  phofphoric  acid.  This  point,  how- 
ever, may  be  obtained,  by  continuing  the  ope- 
ration for  a long  time,  after  which  the  remain- 
ing acid  will  be  found  to  poffefs  ah  the  pro- 
perties of  the  phofphoric  acid,  which  have  al- 
ready been  ftated.  On  making  this  experi- 
ment, it  mu  ft  be  remembered,  that  the  phof- 
phorated  gas  is  only  volatilized,  when  the  acid 
is  well  concentrated  and  very  hot,  which  proves 
that  phofphorus  not  faturated  with  oxigen 
ftrongdy  adheres  to  the  acid. 

Q.  There  is  onlv  a very  fmall  degree  of  at- 
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traction  and  tendency  to  union  between  oxigen 
and  the  phofphoreous  acid,  though  the  latter  is 
not  faturated  ; this  fadt  tends  to  fhow  the  great 
adherence  of  phofphorus  to  the  phofphoric 
acid.  It  is  without  effedt  that  the  phofphoreous 
acid  may  be  expofed  to  oxigen  gas  for  this 
purpofe  ; a fmall  quantity  of  it  only  is  ab- 
ibrbed  ; and  that  with  extreme  flownefs.  But 
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we  cannot  fucceed  in  converting  it  by  this  means 
into  phofphoric  acid  ; which  can  only  be  done 
by  a long  ebullition  ; and  even  the  glafs 
made  with  the  phofphoreous  acid,  appears  to 
retain  a portion  of  phofphorus,  iince  it  dif- 
fers from  that  produced  by  the  phofphoric  acid, 
as  it  often  emits  a fetid  odour  like  that  of 
garlick,  and  emits  rays  of  light  on  being  rub- 
bed  in  the  dark,  which  effects  do  not  take 
place  in  cryftals  of  very  pure  phofphoric  glafs. 

10.  The  fame  remark  is  applicable  to  the 
expofure  of  phofphoreous  acid  to  the  air.  It 
changes  with  great  difficulty  into  phofphoric 
acid,  notwithftanding  the  tendency  of  azote 
gas  to  diffolve  phofphorus,  which  muff  there- 
fore in  fome  meafure  weaken  its  combination 
with  the  phofphoric  acid.  The  concentrated 
phofphoreous  acid  may  be  expofed  to  the  air 
for  fevefal  months,  without  being  converted 
into  phofphoric  acid  : this  effebt,  however, 
takes  place  rather  more  fpeedily  when  the  acid 
is  diluted  with  a quantity  of  water.  This 
fcarcely  changeable  character  of  the  phofpho- 
reous acid,  diftinguiflies  it  from  feveral  other 
acids,  which  might  be  compared  with  it  on  ac- 
count of  their  weak  acidification,  and  the 
fuperabundance  of  their  radical. 

11.  Hidrogen  and  hidrogen  gas  have  no 
abtion  upon  the  phofphoric  acid.  Though  ex- 
periments have  not  yet  been  made  by  heat,  yet 
the  law  ot  the  known  attractions  fhows  that 
hidrogen  gas  inuit  carry  off  the  excefs  of  phof- 
phorus 
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pliorus  from  the  phofphoreous  acid,  and  be  dif- 
engaged  in  the  form  of  phofphorated  hidrogen 
gas.  The  refidue  after  mutual  action  of  thole 
bodies  at  an  elevated  temperature,  does  not 
differ  from  that  which  the  phofphoric  acid  un- 
dergoes, for  it  arrives  at  that  ftate. 

T2.  The  phofphoreous  acid  is  decompofed 
by  carbon  at  a red  heat,  which  caufes  the  re- 
paration of  more  phofphorus  than  from  phof- 
phoric acid,  becaufe  it  contains  a greater  quan- 
tity. No  change  is  effected  between  thofe 
bodies  at  a cold  temperature,  neither  can  any 
combination  be  produced  by  heat,  becaufe  the 
fuperabundant  phofphorus  efcapes  and  volatilizes 
before  it  can  unite  with  the  fulphur.  The 
diamond  is  no  more  changed  by  the  phof- 
phoreous than  by  the  phofphoric  acid. 

13.  When  thofe  metals  which  decompofe 
water  with  greater  or  lefs  facility,  are  brought 
into  contact  with  the  phofphoreous  acid,  diluted 
with  that  liquid,  the  difference  between  its 
adtion  and  chat  of  the  phofphoric  acid,  is  evi- 
dent, from  the  hidrogen  gas  which  is  dif- 
engaged.  This  gas  holds  in  folution  a final! 
quantity  of  phofphorus,  which  renders  it  very 
fetid,  without  however,  rendering  it  inflamma- 
ble in  the  air,  becaufe  the  proportion  of  this 
combuftible  body,  is  not  fufficient  to  produce 
that  effect.  By  this  clifcharge  of  the  phof- 
phorus,  diffolved  in  hidrogen  gas,  we  learn 
that  the  combination  effected  in  the  water,  is 
only  that  of  the  phofphoric  acid  ; becaufe  it  is 
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deprived  of  the  fubftance  which  is  necefTary 
to  the  conftitution  of  phofphoreous  acid* 

14.  The  phofphoreous  acid  is  foluble  in 
water  in  all  proportions*  W hen  it  is  propofed 
to  drive  off  this  liquid,  in  order  to  concentrate 
t! le  acid,  at  the  end  of  the  operation,  the  phof- 
phorus  is  difen  gaged,  and  the  acid,  as  has 
before  been  mentioned,  paffes  again  to  the  hate 
of  phofphoric  acid*  Hence  it  cannot  be  ob- 
tained in  a folid  hate  ; not  fb  much  on  account 
of  its  adherence  to  the  water,  as  becaufe  it 
lofes  at  the  fame  time  by  the  action  of  the 
caloric,  the  excefs  of  phofphorus  which  gave 
its  diftinctive  character. 

15.  The  phofphoreous  acid  combines  with 
nsoft  of  the  metallic  oxides,  with  which  it 
forms  faits,  nearly  infoluble*  Some  of  thefe, 
however,  even  at  a low  temperature,  impart  a 
portion  of  their  oxigen,  fo  that  while  they  ap- 
proach to  the  metallic  ft  ate,  they  at  the  fame 
time  convert  it  into  phofphoric  acid* 

1 6.  The  phofphoreous  acid  is  ftronger  than 
the  carbonic,  but  weaker  than  the  phofphoric 
acid  : it  feizes  mo  ft  of  the  bodies  Combined 
with  the  former,  which  it  feparates  even  from 
water,  in  the  form  of  gas,  and  gives  up  to  the 
latter  moft  of  thofe  to  which  it  may  be  united. 

17.  T1  le  ufes  of  the  phofphoreous  acid  are 
not  yet  diftinguiflied  from  thofe  of  the  phof- 
phoric acid,  except  in  chemical  laboratories, 
where  its  attractions  are  examined,  and  are 
found  as  well  as  the  compounds  which  it 
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forms,  to  be  different  from  tbofe  of  that  acid* 
It  is  alio  little  known,  and  feldom  employed 
in  the  arts.  Some  phyiicians  prefcribe  it  in 
the  treatment  of  difeafes;  and  though  we  are 
certain  that  its  medicinal  properties  mult  differ 
from  thofe  of  the  phofphoric  acid,  they  have 
not  yet  been  afeertained  by  any  accurate  ex* 
periments. 


Article  VI  IT 
Of  the  Sulphuric  Acid . 

1.  THE  name  of  fulphuric  acid  exprefies  the 
combination  of  fulphur  and  oxigen,  at  the 
maximum  of  acidity.  Hence  the  body  confffts 
of  the  radical  fulphur  completely  fate  rated 
with  the  acidifying  principle.  It  was  formerly 
called  vitriolic  acid , becaufe  it  was  ftp -mated 
by  diftillation  from  its  neutral  combination 
with  iron,  which  was  called  vitriol.  When  con- 
centrated, and  of  a confidence  nearly  fimilar 
to  that  of  an  oil,  it  wras,  with  much  impropriety 
denominated  oil  of  vitriol.  Diluted  with  water, 
and  in  a weak  ffate,  it  was  diftinguiihed  by  the 
equally  improper  and  now  obfolete  name  of 
fpirit  of  vitriol . 

2.  This  acid  was  unknown  to  the  ancients. 
Pliny  fpeaks  of  vitriols , which  were  employed 
in  the  hardening  of  bodies  ; and  which  by  long 
lixiviation,  muff  have  admitted  the  feparation 
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and  difengagement  of  a portion  of  their  acid. 
They  burned  fulphur  at  their  facrifices,  but 

without  being  acquainted  with  its  product. 

/ 

Bal'd  Valentin  was  the  firft  who  fpoke  of  it,  at 
the  end  of  the  fifteenth  century  : he  alfo  made 
mention  of  the  fulphureous  acid.  Agricola 
and  Paracelfus  likewife  faid  a few  words  upon 
the  fame  fubjedh  But  Dornæus  was  the  find 
who  in  the  year  1570,  wrote  upon  it  with  pre- 
cifion.  As  it  foon  became  one  of  the  principal 
agents  in  manufacturing  procédés,  all  the  che- 
mifts  have  been  fince  aware  of  the  necelTity  of 
examining  it.  Among  thole  who  more  par- 
ticularly employed  themfelves  on  this  fubject, 
Stahl  deferves  particular  notice,  on  account  of 
his  application  : but  he  adopted  the  error 
which  long  afterwards  prevailed,  that  it  is  en- 
tirely contained  in  the  fulphur.  Lavoifier,  in 
1778,  deftroyed  this  notion,  by  proving  that 
fulphur  is  one  of  its  principles,  and  that  it 
combines  on  burning  with  the  bale  of  pure 
air,  or  with  oxigen,  and  forms  the  fulphuric 
acid  ; fince  this  brilliant  difeovery,  the  proper- 
ties and  combinations  of  the  fulphuric  acid 
have  been  well  imderftood. 

3.  The  fulphuric  acid  has  long  been  con- 
iidered  as  the  mod  abundantly  diftributed  in 
Nature,  and  has  been  diftinguiflied  by  the  ap- 
pellation of  the  uni  verbal  acid,  befides  being 
confidered  as  the  common  origin  of  all  the  othci 
acids.  this  is  another  error  which  lias  been 
exploded  by  modem  difçoveries.  It  is  known 
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that  the  fulphuric  acid  exifts  in  a pure  fente  only 
in  foine  volcanic  places,  in  the  environs  of  Sienna 
and  Viterbo,  near  the  Baths  of  Saint  Phillip,  in 
Italy,  and  above  the  furface  of  fome  fulphureous 
mineral  waters  ; but  this  native  acid  is  very 
fmall  in  quantity.  On  tlie  contrary,  it  is  very 
frequently  engaged  in  a great  number  of  faline 
combinations  in  the  bowels  of  the  earth,  and 
in  the  waters  which  flow  at  its  furface.  The 
faline  compounds,  of  which  it  forms  a part, 
pals  very  frequently  into  vegetables  and  ani- 
mals ; but  all  its  proporties  are  then  difguifed, 
ambit  is  necelfary  to  employ  different  methods 
in  order  to  difeover  and  extract  it. 

4.  As  Nature  does  not  afford  the  fulphuric 
acid  in  fufficient  abundance  for  the  ufes  of  the 
arts,  or  chemiftry,  it  is  procured  either  by  ex- 
tracting it  from  fome  metallic  faits,  of  which  it 
forms  a part,  or  by  the  complete  combination 
of  fulphur.  The  firfl>mentioned  procefs  con- 
lifts  in  diftilling  th e fulphcite  of  iron,  in  earthen 
retorts,  by  a flrong  heat  ; it  affords  a very 
impure  acid,  as  will  be  mentioned  in  the  hif- 
tory  of  this  metal.  This  operation  was  never- 
thelefs  the  only  one  adopted  for  a long  time, 
and  it  is  ft  ill  continued  in  Saxony.  In  the 
latter  procefs,  fulphur  is  burned  by  the  addition 
of  a tenth  part  of  its  weight  of  faltpetre.  The 
art  of  chemiftry  has  brought  this  procefs  to 
great  perfection;  which  derived  its  origin 
from  the  firft  ideas  of  Lefevre  and  Lem  cry, 
two  French  chemifts.  It  has  become  the  fub- 
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jeéi  of  one  of  the  moft  ufeful  of  the  chemical 
manufaélures.  At  firft  fulphur  was  burned  in 
large  globes  of  glafs  ; afterwards  in  cham- 
bers of  wood,  covered  with  lead,  about  fix- 
teen  metres  (or  yards)  in  length,  by  four  or  five 
in  breadth,  and  as  many  in  height.  In  pro- 
portion as  the  fulphur,  placed  upon  grates  of 
three  ftages,  is  burned  by  the  nitre,  and  by 
the  air  of  the  chamber,  the  acid  which  is 
formed  becomes  diffolved  in  the  water,  at  the 
bottom  of  the  chamber,  which  is  collected  at 
one  of  the  extremities  lower  than  the  reft  of  its 
floor.  It  is  drawn  out  by  a leaden  tube,  pro- 
vided with  a cock,  which  opens  into  a re- 
fervoir  alfo  of  lead,  placed  in  a work  below  the 
chamber  of  combuftion.  This  work  is  fitted 
up  with  galleries,  and  large  retorts  of  glafs  in 
which  the  acid  is  rectified  ; the  water  which 
is  thus  feparated  from  it,  is  again  ufed  to 
abforb  the  vaporous  acid  in  the  chamber  of 
lead. 

5.  The  acid  obtained  by  the  precedes  above 
deferibed,  when  very  pure,  has  the  form  of  a 
liquid  without  colour,  and  without  fmell  ; it  is  of 
an  oleaginous  confidence,  and  its  fpecific  gravity 
is  to  that  of  water,  as  1840  : 1000.  Its.  acid 
tafte  is  fo  ftrong,  that  it  burns  and  deftroys  the 
organs  of  animals,  like  the  moft  powerful  cauf 
tic.  It  reddens  all  the  vegetable  colours  which 
are  fufceptible  of  that  change.  It  blackens 
and  reduces  to  a carbonaceous  pafte,  all  ve- 
getable and  animal  iubftances,  the  organization 
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and  compofition  of  which  it  deftroys,  by  the 
eifeCt  of  an  attraction  which  will  be  fully  de- 
fer! bed  in  another  feCtion  of  this  work.  The 
fulphuric  acid  when  of  a yellow,  brown,  or 
black  colour,  fuming  or  odorant,  like  burning 
fulphur,  is  very  far  from  being  in  a ftate  of 
purity  ; it  is  foiled  by  fome  foreign  fub fiances  : 
the  more  it  departs  from  the  properties  which 
have  juft  been  pointed  out,  the  lefs  pure  it  is. 

6.  Though  the  fulphuric  acid  cannot  be  ob- 
tained dry  and  folk!,  on  account  of  the  pro- 
cédés made  ufe  of  to  obtain  it,  it  follows,  how- 
ever, from  calculations  founded  on  the  quantity 
of  air  employed,  relative  to  that  of  fulphur,  that 
100  parts  of  this  acid,  fuppofed  to  be  dry,  and 
without  water,  contain  0,71  parts  of  fulphur, 
and  0,29  of  oxigen.  It  is  only  neceffary  to 
remark,  that  on  account  of  the  extreme  dif- 
ficulty of  eftablifhing  exaCt  bafes  of  calcula- 
tion, this  proportion  mull  not  be  confidered  as 
equally  accurate  with  thofe  which  have  been 
given,  relative  to  the  compofition  of  the  car- 

. bonic  and  the  phofphoric  acids, 

7.  The  fulphuric  acid  undergoes  no  altera- 
tion from  light  ; the  refraction  which  it  ef- 
fects, is  relative  to  its  denfity,  and  to  the 
nature  of  the  combuftible  radical  which  it  con- 
tains. When  this  acid  is  deprived  of  caloric,  it 
is  fufceptible  of  congealing,  and  even  of  cr vi- 
talising in  prifms,  with  fix  tides,  terminated  by 
an  hexahedral  pyramid.  To  effeCt  this,  the 
acid  fliould  neither  be  too  concentrated,  nor 

too 


86 


8t)  SULPHURIC  ACID. 

too  much  diluted  with  water;  at  1650  of  fpe- 
cific  gravity,  it  becomes  folk!  at  about  three  or 
four  degrees  under  0,  of  the  thermometer  of 
Reaumur.  When  its  fpecilic  gravity  is  1840, 
it  never  congeals,  but  at  an  extreme  degree  of 
cold 

Though  the  capacity  of  the  fulphuric  acid 
for  caloric  is  very  low,  it  may  neverthelefs  be 
reduced  to  vapour,  or  gas  not  permanent.  It 
is  by  this  means  that  it  is  reétified  in  diftilla- 
tion.  After  the  water  which  efcapes  from  it  at 
firft,  and  the  reparation  of  which  concentrates  it, 
the  acid  itfelf  having  acquired  about  120  degrees 
(centigrade)  of  temperature,  rifes,  and  is  col- 
leéïed  in  the  receiver,  in  the  form  of  a whitp 
and  thick  fume,  which  condenfes  into  a liquid. 
This  vapour  is  fo  hot,  that  it  aéfs  upon  glafs, 
like  a red-hot  iron,  and  if  the  velfels  diould 
happen  to  be  rather  colder  in  one  part  than 
another,  its  çontaét  is  fufficient  to  crack  them. 
By  this  diftillatipn  the  fulphuric  acid  is  pro- 
cured in  the  pureft  ftate  poffible. 

8.  No  attraction  is  known  between  the  fuh 
phuric  acid  and  oxigen,  When  brought  into 
contact  with  oxigen  gas,  this  acid  abforbs  no 
portion  of  it,  and  it  does  not  even  abforb  the 
oxigen  from  Rich  bodies  as  are  leaft  adherent 
to  it  : lienee  it  follows,  that  there  is  no  oxige- 
n a ted  fulphuric  acid,  as  fome  authors  have 
been  inclined  to  admit,  on  account  of  their 
having  been  deceived  by  inaccurate  or  illufivç 
experiments, 
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9.  By  expofure  to  the  air,  the  concentrated 
fulphuric  acid  abforbs  the  water  from  it  fo  as  to 
increafe  its  weight  nearly  one  half  ; this  ab- 
forpcion  is  the  more  fpeedy  and  perceptible  in 
proportion,  as  the  air  is  humid.  The  foreign 
and  often  combuftible  bodies,  which  float  in 
the  air,  frequently  colour  the  concentrated 
fulphuric  acid  ; but  it  does  not  act  upon  either 
of  the  two  aeriform  fluids,  which  conftitutes 
its  mafs  and  nature. 

10.  It  has  no  action  either  upon  azote  gas, 
or  azote,  which  it  does  not  even  difengage  from 
lèverai  combinations,  from  which  another  acid, 
more  weak  however  than  it,  feparates  this  prin- 
ciple in  the  gafeous  form,  as  will  be  mentioned 
in  a fubfequent  article.  Azote,  though  a com- 
buftible body,  has  therefore  lefs  attraction  for 
oxigen  than  fulphur  has,  which  will  be  con- 
firmed by  facts  hereafter  to  be  dated,  proving 
that  fulphur,  in  certain  circumftances,  actually 
carries  off  oxigen  from  azote. 

11.  A great  number  of  faCts  prove,  that 
hidrogen  has  more  attraction  for  oxigen  than 
fulphur  has,  and  confequently,  that  it  ought 
to  decompofe  the  fulphuric  acid,  particularly 
at  a certain  elevation  of  temperature  ; but  as 
hidrogen  cannot  be  had  alone,  and  as,  in  its 
folid  or  liquid  ftate,  it  always  forms  part  of  the 
compounds  which  render  its  action  compli- 
cated, we  can  here  only  treat  of  the  mutual 
action  of  gafeous  hidrogen  and  fulphuric  acid. 
At  a cold  temperature  there  is  no  attraction 
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between  fhefe  bodies  ; hidrogen  gas  is  neither 
abforbed  nor  altered  by  this  concentrated  acid. 
But  if  fome  fulphuric  acid  and  hidrogen  gas 
be  paffed  through  a porcelain  tube,  made  red» 
hot,  a decompofition  of  the  former,  or  forma- 
tion of  water,  and  precipitation  of  fulphur 
take  place,  the  laft  is  feen  depofited  in  abund- 
ance in  the  glais  tube,  affixed  to  the  tube  of 
porcelain.  When  hidrogen  gas  is  employed  in 
the  proportion  of  more  than  one  half  of  the 
fulphuric  acid,  there  is  not  only  a formation  of 
water,  but  the  excefs  of  hidrogen  gas  diffolves 
fome  fulphur,  and  is  difengaged  in  fulphurated 
hidrogen  gas. 

\%  Carbon,  when  cold,  has  lefs  attraction 
for  oxigen,  than  fulphur  has,  or  at  lead:  this 
attraction  is  nearly  equal  between  the  two  com- 
buftible  bodies  and  oxigen  ; becaufe,  on  the 
one  hand,  carbon  at  a cold  temperature,  does 
not  decompofe  the  fulphuric  acid  ; on  the 
other,  fulphur  does  not  decompofe  the  car-? 
bonic  acid  ; yet  carbon,  at  the  temperature 
of  ignition,  decompofes  the  fulphuric  acid  : 
when  a piece  of  lighted  charcoal  is  plung- 
ed into  this  concentrated  acid,  a white  and 
thick  vapour  is  fuddenly  difengaged,  confid- 
ing of  volatilized  fulphuric  acid  and  water, 
accompanied  with  very  pungent  fulphureous 
acid  gas,  that  is  to  fay,  the  fulphuric  acid 
lofing  a portion  of  its  oxigen,  which  it  im- 
parts to  the  carbon,  paffes  to  its  minimum  of 
acidification;  which  is  the  fulphureous  acid, 
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while  the  burned  carbon  paffes  to  the  ftate  of 
carbonic  acid  As  long  as  the  fulphuric  acid 
is  liquid  in  this  operation,  there  is  only  a dis- 
engagement of  fulphureous  acid,  becaufe  in  that 
cafe  the  carbon  abforbs  only  a portion  of  the 
oxigen  from  the  fulphur,  which  was  fat u rated 
with  it.  But  if  thefe  two  bodies  be  treated  at 
a high  temperature,  as  in  a porcelain  tube, 
made  red-hot,  or  if  charcoal  be  ftrongly  heated 
with  very  concentrated  fulphuric  acid,  and 
particularly  dry,  as  it  exifts  in  fome  compounds, 
there  is  then  a complete  decompofition  of  the 
acid,  and  fulphur,  with  carbonic  acid  only 
are  obtained.  But  as  fulphuric  acid  is  feldora 
procured  totally  free  from  water,  there  is  a dif- 
engagement  of  fulph urate d hidrogen  gas,  on 
account  of  the  double  decompofition  of  thefe 
two  bodies  burned  by  carbon,  and  of  the  at- 
traction of  hidrogen  for  the  fulphur,  which 
acts  at  the  fame  time  as  that  of  the  carbon  for 
oxigen. 

13.  Phofphorus,  though  poffeffing  a ftronger 
attraction  for  oxigen  than  fulphur  does,  can- 
not decompofe  the  fulphureous  acid  but  with 
difficulty,  and  after  a length  of  time  at  the  cold 
temperature.  On  leaving  thefe  two  bodies  in 
contadt,  the  acid  gradually  changes  to  a brown 
.colour,  and  partly  allumes  the  fulphureous 
character.  This  decompofition  fucceeds  better 
by  beat  ; a quantity  of  fulphureous  acid  gas 
is  obtained,  which  carries  with  it  a portion  of 
phofphorus,  tfie  greatelt  part  of  which  is  de- 
posed 
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pofited  by  cooling  : the  phofphorus  remains 
at  the  bottom  of  the  apparatus  in  the  form  of 
phofphoric  acid.  In  this  operation  the  Sul- 
phuric acid  is  but  partly  decomposed;  it  does 
not  pafs  to  the  State  of  fulphur  : the  phofphorus, 
therefore,  only  abforbs  that  portion  of  oxigen 
which  exceeds  its  constitution  in  Sulphureous 
acid  ; and  it  is  only  to  this  latter  part  of  the 
acidifying  principle  that  it  has  more  attraction 
than  the  fulphur  has.  Neither  can  it,  as  will 
be  feen  in  the  following  article,  decompofe  the 
Sulphureous  acid.  It  is  therefore  more  accurate 
to  fay,  that  phofphorus  has  a greater  attraction 
for  oxigen  than  the  Sulphureous  acid  has,  in- 
stead of  affirming  that  its  attraction  is  greater 
than  that  of  fulphur  for  the  fame  principle. 

14.  Sulphur  forms  no  union  with  the  Sul- 
phuric acid  in  the  cold  ; but  when  thefe  two 
bodies  are  heated,  the  fulphur  is  partly  diffiolved 
in  the  acid,  which  becomes  converted  into 
Sulphureous  acid.  The  proportion  of  fulphur 
it  can  take  up,  has  not  yet  been  determined. 
The  Sulphureous  acid  may  be 'prepared  by  this 
proeefs  : it  is  difengaged  in  the  gafeous  form, 
from  thefe  two  bodies,  when  heated  together. 

15.  The  diamond  undergoes  no  alteration 
from  the  Sulphuric  acid  at  any  temperature, 
and  however  long  they  may  he  Suffered  to  aCt 
upon  each  other.  The  diamond  does  not  ap- 
pear, in  this  inftance,  to  differ  in  its  aCtion  from 
carbon,  with  which  it  bears  a ftrong  analogy 
in  the  product  of  its  combuftion,  except  in 
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the  extreme  adhefion  of  its  integrant  par- 
ticles. 

1 6.  The  manner  in  whicli  the  metals  a6t  with 
the  fulphuric  acid,  prefents  three  claffes  of  phe- 
nomena which  it  is  neceffary  to  ftudy  here  in 
general.  Some  of  them  have  no  aétioîi  either 
by  beat  or  cold  upon  this  acid  ; thefe  are  fuch 
as  have  but  little  attraction  for  oxigen.  Others 
which  have  but  little  action  upon  it  at  a cold 
temperature,  exert  a very  remarkable  aCtion  by 
heat  : the  concentrated  acid  then  employed  is 
partly  decompofed  ; a difengagement  of  fulphu- 
xeous  acid  gas  takes  place  ; and  the  metal  be- 
comes oxided,  and  united  to  the  portion  of  un- 
decompofed  or  infulated  acid,  if  this  acid  be 
fufficiently  abundant.  At  a very  high  tempera- 
ture, the  fulphuric  acid  is  completely  decom- 
pofed by  thefe  lah  metals,  and  a portion  of  ful- 
pliur  is  difengaged,  or  a metallic  fulphuret  is 
formed.  And  other  metals,  for  inftance,  thole 
of  which  the  attraction  for  oxigen  is  the  ftrong- 
eft,  being  affifted  by  the  prefence  of  the  acid 
tending  to  combine  with  their  oxides,  become 
capable  of  dccompofing  rapidly,  and  at  a cold 
temperature,  the  water  with  which  the  acid  may 
be  diluted  ; and  thefe  metals  may  exert  this  pro- 
perty without  heat,  or  he  capable  of  exerting 
it  only  when  heated.  In  the  third  cafe,  the 
effervefcence  is  hr  on  g and  rapid,  and  caloric 
is  abundantly  difengaged  ; much  hidrogen 
gas  is  emitted:  the  metallic  oxide,  in  propor- 
tion as  it  is  fonped,  diffolves  in  the  acid,  which 
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becomes  concentrated*  and  is  found  entire  af- 
ter the  folution.  The  hidrogen  gas  often  car" 
ries  with  it  fome  fulphur  or  carbon,  which  were 
combined  with  the  metal;  and  fometimes  even 
the  metal  is  diffolved  in  this  gas. 

17.  The  attraction  between  the  fulphuric  acid 
and  water  is  extremely  ftrong,  and  the  pheno- 
mena, afforded  by  their  union,  are  well  worthy 
of  being  carefully  inveftigated,  They  depend 
on  the  intimate  penetration  that  takes  place  be» 
tween  thefe  two  bodies,  the  expulfion  of  the  ca- 
loric, which  accompanies  it,  and  the  particular 
degree  of  attraction  which  exifts  between  various 
dofes  of  acid  and  water.  As  thefe  phenomena,  as 
well  as  their  caufe,  are  here  exhibited  with  much 
energy,  and  may  ferve  to  facilitate  the  explana- 
tion of  thofe  which  occur  in  feveral  fimilar  ope- 
rations, I ihall  deferibe  them  with  that  preci- 
fion  which  is  necelfary  for  an  important  fubjeet 
of  theory,  which  has  been  treated  of  too  fu per- 
il cially,  or  even  totally  neglected  by  the  writers 
on  die  mi  ft  r‘yV  If  four  parts  of  concentrated  fuh 
phurie  acid  be  mixed  with  one  part  of  ice  at  0, 
an  elevation  of  temperature  is  produced  even  at 
the  moment  of  combination  between  thefe  two 
bodies,  and  of  the  fufion  of  the  ice,  which  rifes  as 
far  as  twenty-four  degrees  of  Reaumur’s  fcale, 
By  experiment  we  learn,  that  the  proportions,  in 
the  mixture  above  mentioned,  are  thofe  which 
give  the  greateft  poffible  heat  ; it  proves  that,  in 
its  union  with  the  acid,  the  frozen  water,  though 
it  becomes  liquid*  acquires  a denlity  much 
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greater  than  it  poffeffed  in  its  hate  of  ice.  By 
inverting  the  proportions,  that  is  to  fay,  of  four 
parts  of  ice  at  0,  and  of  one  part  of  concentrat- 
ed fulphuric  acid,  the  thermometer,  when  plung- 
ed in  it,  fmks  to  fixteen  or  eighteen  degrees  be- 
low  0.  Notwithftanding  tire  fall  of  the  ther- 
mometer in  this  cafe,  there  is  an  equal  propor- 
tion of  heat  difengaged  as  in  the  preceding  ex- 
periment But  as  this  difengagement  takes 
place,  the  caloric  which,  on  abandoning  one  fix- 
teenth  part  of  the  ice  employed,  in  order  to  fa- 
turate  the  acid  in  the  fame  manner  as  in  the 
preceding  experiment,  ought  alone  to  raife  the 
temperature  20°  above  0,  is  immediately  abforb- 
ed,  together  with  a portion  of  the  heat  of  the 
furrounding  bodies,  by  the  other  fifteen- fix-» 
teenths  of  the  ice,  which  are  fufed  in  order  to 
combine  with  the  acid  after  the  former  fix- 
teentb  part  which  firfi:  united  with  it.  It  muft 
be  remarked,  that  the  attraétion  between  the 
concentrated  fulphuric  acid  and  ice,  has,  in 
common  with  all  the  other  combinations,  a 
point  of  maximum  or  of  figuration;  that  this 
point  is,  in  the  prefent  inftance,  when  four  parts 
of  acid  unite  with  one  part  of  ice  ; that  as,  in 
the  union  of  thefe  two  bodies  at  this  dofe,  there 
is  a ftrong  condenfation  of  their  particles,  there 
is  alfo  a great  difengagement  of  caloric  ; that 
any  portion  of  ice  exceeding  this  rate  of  fa- 
turation,  being  lefs  ftrongly  attracted  by  the 
acid,  will  undergo  lefs  condenfation,  and  lofe 
lefs  caloric  ; hence,  it  is,  that  there  are  eighteen 
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degrees  of  refrigeration,  inftead  of  the  hundred 
and  fixty  degrees  of  heat,  which  calculation 
would  give  for  the  four  parts  of  ice  united  to 
one  part  of  acid,  on  the  fuppofition  that  the  acid 
could  difengage  from  thefe  four  parts  of  ice, 
the  fame  proportional  dofe  of  caloric  as  it  dif- 
engaged  from  one-fourth  part  alone  in  the  fir  ft- 
mentioned  experiment.  In  order  to  render  this 
double  effect  ftill  more  evident,  which,  at  firft 
view,  feems  contradictory,  I fiiall  obferve,  that 
when  the  concentrated  fulphuric  acid  has  ar^ 
rived  at  the  firft  point  of  faturation,  which  re- 
quires only  one  part  of  ice  to  four  parts  of  acid, 
its  attraction  for  frefli  quantities  of  ice  not  being 
entirely  fatisfied,  and  undergoing  only  a pro» 
portionate  diminution,  there  are  fuccefftvely 
difengaged  from  the  mixture,  quantities  of  ca- 
loric, capable  of  preventing  the  cooling  to  one 
hundred  and  feventy-fix  degrees,  till  the  at- 
traction is  weakened  to  the  point  when  no  more 
caloric  can  be  difengaged  from  the  mixture  ; 
and  the  ice,  which  ftill  tends  to  unite  with  the 
acid,  is  obliged  to  abforb  a portion  of  caloric 
foreign  to  the  two  iuhftances  in  combination, 
namely,  from  the  furrounding  bodies. 

18.  The  effect  of  the  combination  between 
the  fulphuric  acid  and  liquid  water,  is  always 
marked  by  a development  of  heat,  becaufe  the 
circumftances  that  have  juft  been  pointed  out, 
and  which  arife  from  the  folid  ftate  of  the  ice, 
do  not  here  ex  iff  The  mixture  of  water  and 
fulphuric  acid,  which  produces  the  greateft  heat, 
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co n lifts  of  four  parts  of  acid  and  one  of  water, 
or  the  fame  proportion  as  was  ufed  for  the  ice. 
The  temperature  here  riles  to  one  hundred  and 
twenty  degrees,  or  nearly  double  that  which  is 
produced  by  ice  : a portion  of  water  is,  there- 
fore, fuddenly  reduced  to  vapour,  with  a fmall 
quantity  of  the  acid,  and  this  experiment  is  not 
without  danger,  when  the  mixture  is  incautiouf- 
ly  made,  as  by  pouring  the  water  upon  a large 
quantity  of  the  acid,  inftead  of  gradually  pour- 
ing the  acid  into  the  water.  The  motion  and 
rarefaction  are  fo  bidden,  that,  in  that  cafe,  a 
violent  hifting  is  produced.  The  air  dilfolved 
in  the  water  is  expelled  by  the  addition  of  the 
acid,  and  the  denfity  of  the  liquor  which  refults 
from  this  combination,  is  proportional  to  the 
attraélion  which  exifts  between  thefe  two  bo- 
dies, and  to  the  quantity  of  caloric  which  aban- 
dons them.  Thus  the  fpecific  gravity  of  the 
fulphuric  acid,  diluted  with  water,  is  never  pro- 
portionate to  the  mixture  of  the  two  liquids  ; 
and  though  ufeful  to  be  determined,  for  mak- 
ing known  and  comparing  the  degrees  of  force 
of  this  acid,  it  is  not  adapted  to  give  the  re- 
Ipective  quantities  of  water  and  acid  which  are 
thus  united.  Accordingly,  as  the  proportion  of 
water  added  to  the  fulphuric  acid  is  increafed, 
and  the  eftedt  of  the  condenfation  is  lefs,  the 
areometer  indicates  the  quantities  of  this  acid 
more  accurately  ; namely,  as  it  links  deeper 
into  it,  and  as  it  approaches  nearer  to  0.  The 
taire  and  ftrength  of  the  fulphuric  acid  diink 
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jiîili  in  proportion  to  its  dilution  by  water;  and 
as  the  firft  quantities  of  this  liquid,  which  are 
introduced,  adhere  more  ftrongly,  it  is  eafily 
nnderftood,  that  when  it  is  expofed  to  the  action 
of  heat,  in  order  to  concentrate  it,  the  frit  va- 
pours  of  the  water  which  are  difengaged  from  it, 
abandon  it  much  more  readily  than  the  latter, 
and  are  very  difficult  to  be  feparated.  In  parti- 
cular  when  this  acid  has  arrived  at  fuch  a degree 
of  rectification,  that  it  contains  only  the  fifth 
part  of  its  weight  of  water,  it  becomes  neceffary 
to  increafe  its  temperature  in  a confiderable  de- 
gree, in  order  to  deprive  it  of  this  1 aft- menti  oil- 
ed portion. 

iq.  The  fulphuric  acid  has  a great  attraction 
Tor  metallic  oxides  in  general  ; there  are  fome 
from  which  it  difengages  a portion  of  oxigen 
when  they  are  overloaded  with  this  fluid,  and 
when  it  cannot  combine  with  them,  except  in  a 
fmaller  degree  of  oxidation.  It  is  even  ufed,  in 
fome  inflances,  for  the  purpofe  of  extracting, 
from  thele  oxides,  the  portion  of  oxigen  which 
they  are  capable  of  affording,  in  a gafeous  hate 
by  heat  ; there  are  others  which  it  diffolves  in 
whatever  ftate  of  oxidation  they  may  be.  And, 
iaftly,  there  are  certain  oxides  which  refufe  to 
combine  with  it  ; fuch,  in  particular,  are  thofe 
which,  when  faturated  with  oxigen,  are  capable 
of  becoming  acids.  Combinations  of  the  ful- 
phuric acid  with  the  metallic  oxides,  form  faits 
more  or  lefs  acriS,  foluble,  and  crvftallizable, 

which 


SULPHURIC  ACID.  , 97 

which  will  be  treated  of  under  the  article  of 
in  étais. 

20.  The  fulphuric  acid  does  not  combine 
with  the  carbonic  acid  : being  much  ftronger 
than  the  latter,  it  expels  it  from  all  its  combina- 
tions, as  well  as  from  the  water  to  which  it  is 
united.  It  difengages  it  in  the  form  of  gas, 
and  with  effervefcence. 

2 1 . There  is  no  union  between  the  pliofphoric 
and'  the  fulphuric  acids.  Thefe  two  liquid 
acids  only  mix  together.  The  fulphuric  acid 
attraéls  water  from  the  pliofphoric,  and  concen- 
trates the  latter  by  weakening  itfelf.  When 
thefe  two  acids  are  mixed,  they  are  eafily  fepa- 
rated  by  the  action  of  heat  ; the  fulphuric  acid 
riles,  and  the  pliofphoric  remains  at  the  bottom 
of  the  diftilling  veffel,  either  in  the  form  of  a 
tranfparent,  and,  as  it  were,  mucilaginous  mat- 
ter, or  in  that  of  glafs,  if  the  retort  has  been 
made  fufficiently  hot  to  melt  it.  The  repara- 
tion of  the  lait  portions  of  fulphuric  acid  re- 
quires a great  degree  of  heat 

22.  The  phofphoreous  acid,  in  the  cold,  un- 
dergoes no  alteration  from  the  fulphuric  acid  : 
the  latter  deprives  the  former  only  of  a certain 
quantity  of  the  water  it  contains.  But  when 
thefe  two  acids,  mixed  together  are  heated,  at 
the  moment  when  the  fulphuric  arrives  at  the 
ftate  of  ebullition,  the  phofphoreous  deprives  it 
of  a portion  of  its  oxigen,  relative  to  the  quan- 
tity of  phofphorus  which  it  contains,  and  paifes 
entirely  to  the  Hate  of  pliofphoric  acid,  while 
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the  decompofed  part  of  the  fulphuric  add  is 
difen  gaged  in  the  ftate  of  fulphureous  acid 

g'as- 

23.  The  difcoveries  made  relative  to  the  ful- 
‘phuric  acid,  from  that  of  its  origin,  and  the 
various  methods  of  procuring  it,  to  that  of  its 
intimate  nature,  or  decompofition,  have  greatly 
contributed  to  the  advancement  of  human 
knowledge,  and  the  extenfion  of  the  arts.  The 
phenomena  of  nature  have  been  better  known, 
in  the  formation  of  the  faits  into  which  this  acid 
enters,  in  the  efflorescence,  or  fpontaneous  de- 
compofition of  pyrites  and  metallic  fulphurets, 
by  the  contact  of  air,  in  volcanic  productions, 
in  the  mineralization  of  metals,  waters,  &c* 
This  acid  fpeedily  became  an  inftrument,  which 
induftrious  men  have  applied  with  fucccfs  to  a 
number  of  operations  in  the  arts  and  manufac- 
tures ; it  has,  itfelf,  afforded  the  means  of  mak- 
ing a great  number  of  fucceffive  difcoveries  re- 
lative to  the  nature  of  faits,  their  decompofition, 
and  the  proportion  of  their  component  parts; 
and  it  has  become,  one  of  the  principal  agents 
of  the  chemical  procédés  of  the  laboratory. 

24.  Medicine,  which  has  fought  for  prefer  va- 
tive,  palliative,  or  curative  means,  in  all  the  pro- 
ductions of  Nature  and  the  arts,  has  employed 
the  fulphuric  acid,  either  concentrated,  as  a 
cauftic,  for  burning,  or  disorganizing-  the  parts 
in  fome  external  difeafes,  or  when  diluted  with 
water,  and  mixed  with  different  beverages,  as 
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Cooliilg,  antifeptic,  and  antibilious  remedy,  in 
a great  number  of  internal  diforders. 

2d.  Sometimes,  by  unfortunate  and  dreadful 
miftakes,  this  acid  has  been  fwallowed  in  its 
ftate  of  concentration  : it  then  a6ts  as  a very 
violent  corrofive  poifon,  and  quickly  difor- 
ganizes  the  vifeera  which  it  touches,  or  upon 
which  it  relis  during  a few  minutes.  The  oils, 
gums,  and  mucilaginous  drinks,  which  have 
continually  been  preferibed  in  thefe  cafes, 
only  tend  to  fill  the  ftomach,  without  fuf- 
ficiently  deflroying  the  activity  of  this  poifon, 
which  is  fo  fpeedily  defructive.  Sope-water, 
which  has  beenftrongly  recommended  as  an  al- 
kaline fubf  ance,  always  at  hand  in  every  houfe, 
to  be  ufed  in  cafes  of  poifoning  by  acids  is  a 
much  better  remedy;  It  will  be  fecn  in  the 
next  leétion,  that  the  earth,  known  by  the  name 
of  magnefia,  diluted  in  water  with  fugar,  or 
mixed  in  water  with  fyrup,  is  of  all  remedies, 
that  which  deferves  the  preference. 

26.  In  pharmacy,  the  fulphuric  acid,  befides 
the  fimple  mixtures  which  arc  preferibed  by  the 
phyf  cians,  ferves  for  the  preparation  of  a num- 
ber of  chemical  medicines.  In  the  manufac- 
tures and  the  arts,  there  are  few  fubftances 
which  are  fo  ufeful,  or  fo  frequently  employed 
as  this  acid.  It  is,  for  this  purpofe,  that  in 
many  manufactures  and  trades,  a chamber  of 
lead,  defined  for  the  fabrication  of  the  ful- 
phuric  acid,  isalmoftas  necefary  as  moft  of  the 
inftruments,  or  utenfls  made  ufe  of  in  the  labo- 
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tatories  of  cliemiftiy.  It  would  be  ufelefs  and 
irregular,  in  this  article,  to  defcribe  the  nume- 
rous arts  in  which  the  fulphuric  acid  is  tiled  ; its 
application  will  be  perpetually  mentioned  in 
the  courfe  of  this  work.  It  is,  on  account  o t 
its  very  numerous  tifes,  that  the  manufactories 
of  the  fulphuric  acid  by  the  combuftion  of  ful- 
phur,  have  been  fo  much  increafed  during  the 
laft  twenty  years  in  England,  Holland,  and 
France. 

27.  It  is  fortunate  for  the  wants  of  the  arts 
which  make  fo  great  a confumption,  and  which, 
having;  been  accuffomed  to  its  ufe  for  more  than 
thirty  years,  could  not,  at  the  prefent  day,  be 
deprived  of  it  without  the  greatefl  misfortunes 
happening  to  the  proprietors,  that  the  fabrica- 
tion of  the  fulphuric  acid  by  the  combuftion 
of  fulphur  in  chambers  of  lead,  now  almoft  ge- 
nerally fubftituted  for  the  method  of  extracting 
it  from  the  fulphate  of  iron  by  diftillation,  has 
attained  fucli  perfection,  that  immediately  after 
this  important  difcovery,  the  price  of  this  acid 
underwent  a diminution  of  nearly  one-fifth  of 
its  hrft  and  ancient  value.  The  contraction  of 
leaden  chambers,  their  management  and  ufe,  be- 
ein  to  be  fo  generally  extended  in  the  French 
Republic,  that  thefe  ingenious  works  have  in- 
creafed fo  as  to  have  nothing  to  require  of  im- 
provement from  neighbouring  nations,  the  rivals 
of  the  glory  and  profperity  of  the  French  na- 
tion, and  even  to  lupply  this  article  to  many  of 
the  Hates  which  unround  the  French  territory. 
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Article  IX. 

Of  the  Sulphureous  Acid . 

!.  THE  termination  of  the  name  of  this  acid 
fufficiently  indicates,  that  it  is  to  the  fulphuric 
acid,  what  the  phofphoreous  is  to  the  phofphoric 
acid,  that  is  to  fay,  a combination  of  fulphur 
and  oxigen  lefs  abundant  than  the  preceding*; 
—fulphur  lefs  ftrongly  burned,  an  acid  more 
weak,  and  containing*  lefs  of  the  acidifying 
principle,  an  intermediate  ftate,  in  a word,  it  is 
between  the  oxide  of  fulphur  and  the  fulphuric 
acid.  It  has  been  diftinguiflied  by  the  names 
of  fpirit  of  fulphur , and  volatile  fulphur  eons 
acid . 

2.  Though  the  ancients  discovered  fome  of 
its  properties,  and  often  prepared  it  by  burning 
fulphur  in  their  facrilices,  or  in  their  arts,  yet 
Stahl  was  the  firft  chemift  who  began  to  ex- 
amine it  with  attention,  in  the  early  part  of  the 
eighteenth  century.  It  is  true,  that,  for  near 
half  a century,  he  eftablifhed  an  erroneous  doc- 
trine with  refpeet  to  its  nature  ; but  this  was 
the  error  of  a man  of  genius,  lince  it  led  his 
fuccelfors  to  difeover  the  truth.  It  was  not 
till  after  1774?  and  by  the  firft  accurate  labours 
of  Lavoifier,  that  this  acid  was  known  to  be 
compoled,  like  the  fulphuric,  of  fulphur  and 
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oxigen,  and  that  it  differs  from  it  only  by  a 
lefs  proportion  of  this  latter  principle.  Dr. 
Prieftley  long  ltudied  it  under  the  form  of  gas. 
Citizen  Bcrthollet  afterwards  made  lorne  impor- 
tant difcoveries  relative  to  this  acid,  its  forma- 
tion,  decompofition,  combinations,  and  ufes. 
And,  Jaftly,  Citizen  Vauquelin  and  myfelf,  care- 
fully examined  feveral  of  its  properties,  particu- 
larly thofe  of  the  faline  compounds,  which  it  is 
fufceptible  of  forming  : from  thefe  various  in- 
veftigations,  it  is  one  of  the  acids  beft  known  at 
the  p refen t day. 

3.  The  fulphureous  acid  exifts  abundantly  in 
nature  ; it  is  found  in  the  environs  of  volcanos; 
is  difengaged  from  lorne  lavas  in  fufion,  from 
fulphurated  and  hot  foils  ; it  was  the  vapour 
of  this  acid  which  fuffocated  Pliny  the  natural- 
iff,  in  tlie  famous  eruption  of  Vefuvius,  by 
which  Herculaneum  was  fwallowed  up  in  the 
79th  year  of  the  Chriftian  era,  and  of  which 
Pliny  the  advocate,  his  nephew,  has  given  fuch 
a beautiful  defcription. 

4.  Notwithftandino;  this  abundance  of  the 
fulphureous  acid  in  nature,  as  it  is  difengaged 
and  diflipated  in  the  air,  in  the  form  of  an  elaftic 
fluid,  it  is  artificially  prepared  for  the  arts,  and 
in  chemiffry.  There  are  two  procédés  for  ob- 
taining it.  One  conflits  of  flowly  burning  ful- 
phur  over  water,  which  becomes  loaded  with 
fulphureous  acid  gas,  in  proportion  as  it  is  form- 
ed. This  acid  was,  alfo,  formerly  prepared  in  a 
fimilar  wav,  under  the  name  of  fplrit  of  fulphur 
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by  the  bell , becaufe  fulphur  was  burned  under  a 
bell-glafs  moiftenëd  with  water  ; but  this  tedious 
operation,  by  which  a quantity  of  acid  was  loft, 
was  fubjebt  to  the  inconvenience  that  only  a 
very  fin  all  quantity  was  afforded,  and  this  was 
often  mixed  with  fulphuric  acid.  The  other 
clafs  of  procédés,  which  are  far  preferable,  and 
are  the  only  ones  employed  at  the  prefent,  con- 
flit in  the  decomposition  of  the  fulphuric  acid 
by  many  combuftible  bodies.  It  is  known,  that 
molt  of  tliefe  bodies  deprive  it  of  the  portion  of 
oxigen,  exceeding;  that  which  conftitutes  the 
fulphureous  acid,  fo  that  they  bring  it  to  the 
ftate  of  this  latter  acid. 

5.  A great  number  of  different  combuftible 
bodies  may  be  ufed,  for  thus  partly  decompos- 
ing the  fulphuric  acid,  and  reducing*  it,  by  the 
fubtrablion  of  a pail:  of  its  oxigen,  to  the  ftate 
of  fulphureous  acid.  All  vegetable  and  animal 

i o 

fubftances  may  ferve  for  this  purpofe  ; but  as  by 
various  vapours,  and  particularly  by  the  car- 
bonic acid  which  they  afford,  they  may  con- 
taminate the  fulphureous  acid,  when  required 
to  be  obtained  in  the  form  of  gas,  we  ftiould 
prefer  a metal,  which  has  not  this  inconve- 
nience. One  part  of  crude  mercury,  and  two 
parts  of  concentrated  fulphuric  acid,  are  put 
into  a final  1 glafs  retort,  with  a long  neck  ; this 
is  palled  under  receivers  full  of  mercury,  fup- 
ported  by  an  hidrargiro-pneumatic  tub;  and 
the  bottom  of  the  retort  is  heated,  till  an  efter- 
vefccnce  is  produced.  When  the  acid  is  boib 
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ing,  the  mercury  begins  to  decompofe  it,  and, 
in  proportion  as  it  becomes  oxided,  there  is  a 
difengagement  of  fuîphureous  acid  gas,  which 
is  collected  in  the  receivers.  In  order  to  ex- 
plain  this  decompofition,  it  might  be  faid,  that 
the  mercury  abforbs  from  the  acid  its  fiilphuric 
portion  of  oxigen,  and  leaves  it  the  fuîphureous 
portion. 

6.  The  fuîphureous  acid  thus  obtained,  and 
fufed  in  caloric,  has  the  form  of  gas  ; it  weighs 

a little  more  than  double  that  of  the  air  ; this 

*« 

excels  proceeds  to  0,17  more  than  double  the 
quantity.  So  that  if  a certain  volume  of  air 
weighs  0,46,  the  fame  volume  of  fiilphuric  acid 
will  weigh  1,03.  It  has  a tharp  and  acrid  fmell  ; 
this  is  well  known  in  the  blue  combultion  of 
fulphur,  which  is  there  in  the  act  of  affording 
this  acid.  Its  tafte  is  harih,  it  reddens  blue  ve- 
getable colours,  and  deftrovs  moft  of  them  : the 
vapour  of  fulphur,  in  a hate  of  combuftion,  is 
alfo  employed  for  taking  out  the  ftains  of  fruit 
from  linen,  the  fuîphureous  acid  alfo  forms  one 
of  the  moft  ufeful  articles  in  the  art  of  bleach- 
ing. When  received  in  the  mouth,  or  up  the 
nofe,  it  produces  fneezing,  cough,  and  caufes 
tears  to  flow  : it  fufpends  the  animation  of,  and 
kills  animals.  As  far  as  it  has  hitherto  been 
afcertained,  one  hundred  parts  of  this  gas  con- 
tain nearly  0,85  of  fulphur,  and  0,15  of  ox» 
igen. 

7.  Ibe  fuîphureous  acid  gas  ffrongly  rcfraéts 
the  light  without  being  changed  by  it  : it  is  di- 
lated, 
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fated,  or  rarefied  by  caloric,  and  is  fufceptible 
of  liquefaction  at  28  degrees  of  cold.  This 
latter  property  difcovered  by  Citizens  Monge 
and  Clouet,  and  by  which  it  is  diftinguiflied 
from  all  the  other  gafes,  appears  to  be  owing  to 
the  water  which  it  holds  in  folution,  and  to 
which  it  adheres  fo  ftrongly,  as  to  prevent  an 
accurate  eftimate  of  the  proportions  of  its  radi- 
cal and  acidifying  principle.  According  to  my 
experiments,  when  ftrongly  heated,  as  in  a red- 
hot  tube  of  porcelain,  it  remains  without  altera- 
tion. Prieftley  and  Berthollet  aifert,  that  it  de- 
pohts  fulphur  by  long  expofure  to  heat. 

8.  It  does  not  immediately  abforb  oxigen 
gas  when  it  is  itfelf  in  a gafeous  form,  but  can 
alone  abforb  oxigen  from  feveral  bodies  which 
are  overloaded  with  it,  and,  by  this  means,  re- 
pafs  to  the  hate  of  fulphuric  acid.  It  will, 
alfo,  he  feen  that,  in  the  fluid  form,  it  more  per- 
ceptibly abforbs  oxigen.  It  has  no  action  upon 
azote,  nor  azote  gas,  and,  in  confequence  of 
thefe  two  nullities  of  effeét  upon  oxigen  and 
azote  gafes,  it  undergoes  no  alteration  by  air. 
By  palling  fulphureous  gas  and  oxigen  gas 
through  a red-hot  earthen  tube,  fulphuric  acid 
js  again  formed. 

9.  In  the  cold  and  by  Ample  contact,  there  is 
no  action  between  the  fnlpliureous  acid  gas  and 
hidrogen  gas,  but  at  a high  temperature  ; for 
inftance,  by  pafling  thefe  two  gafes  through  a 
red-hot  tube,  fulphur  is  hidden ly  depolited,  and 
water  is  formed.  If  the  proportion  of  hidrogen 
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gas  be  much  Superior  to  that  of  the  oxigen  con- 
tained in  the  fulphureous  acid  gas,  a difengage- 
ment  of  fulphurated  hidrogen  gas  takes  place. 

10.  Carbon  has  no  action  in  the  cold  upon 
fulphureous  acid  gas  ; when  red-hot  it  com- 
pletely decompofes  it,  as  when  the  gas  is  palled 
through  an  earthen  tube,  containing  charcoal, 
and  made  red-hot.  Some  fulphur  is  depofited 
in  cryftals,  and  carbonic  acid  gas  is  formed  in 
this  operation. 

11.  Phofphorus  does  not  aét  in  any  manner 
upon  fulphureous  acid  gas  ; it  has  been  feen 
that  phofphorus  abforbs  the  portion  of  oxigen 
from  the  fulphuric  acid  which  exceeds  its  ftate 
of  fulphureous  acid  ; and  that  it  brought  the 
ftrft  of  thefe  acids  to  the  ftate  of  the  fécond, 
without  producing  any  for  the  change.  Phos- 
phorated hidrogen  gas  is  decompofed  by  fub 
phureous  acid  gas.  By  the  mixture  of  thefe 
two  gafes  a white  and  thick  fmoke,  or  folid 
phofphorated  fulphur  is  depofited  in  a denfe 
white  fmoke,  and  water  is  formed.  The  attrac- 
tion of  the  fulphur  for  the  phofphorus  is  here 
feen  to  perform  the  part  of  a double  attract 
tion. 

I9u  There  is  no  attradlion  between  fulphur 
and  fulphureous  acid  gas.  Thefe  two  bodies 
cannot  be  combined  by  any  procefs,  and  com 
fequently  the  acid  cannot  thus  be  brought  again 
to  the  ftate  of  oxide  of  fulphur,  as  the  theory 
might  fee m to  indicate.  Sulphurated  hidro- 
gen gas,  even  at  the  inftant  of  contact,  is  de- 
compofed 
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compofed  by  the  fulplnireous  acid  gas  ; both 
become  condenfed,  turbid,  and  depolitiblld  ful- 
phur  and  water  ; the  caloric  being  let  at  liberty. 
We  here  again  ofcferve  the  effect  of  a double  at- 
traction, generated  without  the  application  of 
heat,  between  two  binary  compounds: 

13.  The  diamond  undergoes  no  alteration  on 

o 


the  part  of  the  fulphurcous  acid  gas  ; the  great- 
eft  part  of  the  metals  alfo  remains  untouched 
by  it;  the  water  which  this  acid  always  holds  in 
lolution,  does  not  render  them  more  alterable. 
It  is  only  the  ftrong  attraction  of  fome  of  the 
metals  for  fulphur  which  caufes  this  acid  to  be 
decompofed  by  lèverai  metallic  fubftances,  as 
will  be  feen  more  fully  hereafter. 

14.  M oft  of  the  metallic  oxides  (of  which  I 
here  fpeak  before  I mention  the  aCtion  of  water, 
becaufe  this  laft  requires  to  be  entered  into  more 
minutely,  and  even  refers  to  a previous  know- 
ledge of  the  attraction  of  thefe  oxides)  have  an 
aCtion  upon  fulphurcous  acid  gas  which  fome- 
times  depends  upon  their  attraction  for  the  ful- 
phur,  and  fometimes  upon  their  fmall  attraction 
for  oxigen,  which  they  then  yield  to  the  ful- 
phureous  acid.  In  both  cafes,  this  acid  palfes 
to  the  ftate  of  fulphuric  acid,  but  with  this  dif- 
ference, that  in  the  latter,  pure  metallic  ful- 
phates  are  formed  ; in  the  former,  on  the  con- 
trary, the  faits  are  mixed  with  metallic  fulphu- 
rets,  and  are  fpecies  of  fulphurated  metallic  ful- 
phates  ; becaufe,  in  that  cafe,  a portion  of  ful- 
jphuric  acid  is  formed  only  at  the  expence  of 

the 
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the  portion  of  fulphur  exceeding  this  acid  in 
the  fulphureous  acid. 

15.  Water  has  much  attraction  for  the  lui» 
phureous  acid  gas.  Ice,  when  put  in  contact 
with  it,  melts  with  fcarcely  any  change  of  its 
temperature.  Fluid  water  abforbs  and  lique- 
fies  it  very  eafily.  As  it  is  extremely  conve- 
nient to  prefer ve  and  employ  it,  when  coudent- 
ed  in  this  liquid  form,  for  a great  number  of 
experiments,  or  operations  in  manufactories, 
it  is  prepared  in  this  form  by  çaufing  the  ful- 
phureous acid  gas  which  is  difeïig'aged  during 
the  decompofitioii  of  the  fulphuric  acid,  heated 
with  combuftible  bodies,  to  be  patfed  into  de- 
canters, or  veflels  filled  with  cold  water.  It  is 
fir  ft  patfed  through  a very  fmall  vetfel  full  of 
water,  in  order  that  it  may  depofit  the  portion 
of  fulphuric  acid  much  more  foluble  than  itfelf, 
which  it  always  holds  in  a ftate  of  vapour. 
The  fulphureous  acid  gas,  deprived  of  this  acid, 
arrives  pure  at  the  fécond  vetfel,  which  is  of  a 
tall  and  narrow  figure,  to  facilitate,  by  preffure, 
the  condenfation  of  the  gas  in  the  water. 
When  the  effedl  of  the  tubes,  which  conduét 
this  gas  to  the  bottom  of  this  liquid,  is  obferv? 
ed,  we  may  perceive  bubbles  of  fulphureous  acid 
gas,  of  a very  large  fize  in  this  lower  region,  di- 
minifii  in  bulk  and  difappear,  by  becoming 
fixed  and  liquefied  before  they  arrive  at  the 
furface  of  the  water.  This  liquid  abforbs  the 
more  of  this  gas  in  proportion  to  its  coldnefs. 
At  4 or  5 degrees  -J- 0,  it  may  take  up  one- 

third 
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third  of  its  weight.  Water  ahforbs  but  very 
little  at  75  degrees,  and  at  100  degrees  the  ab- 
forption  ceafes  : there  is  but  a very  fmall  quan» 
tity  of  caloric  difengaged  during  the  fixation 
of  the  fulphureous  acid  gas  in  liquid  water. 

16.  In  this  ftate  of  liquidity,  improperly  call- 
ed folution,  it  ought  to  be  denominated  fulphu» 
rcous  acid,  as  is  done  with  regard  to  all  the  other 
acids  under  the  liquid  form.  This  is  the  form  in 
which  it  is  moil  frequently  employed,  and  of 
which  the  properties  are  requifite  to  be  known. 
The  gas  thus  liquefied  does  not  much  increafe 
the  weight  of  the  water,  from  which  it  difen» 
gages  but  little  caloric  on  becoming  fixed. 
Bergmann  afferts  that  this  liquid  acid  has  the 
fpecific  gravity  of  only  1, 0024b,  and  adheres  to 
it  fo  forcibly  that  the  freezing  temperature  can- 
not expel  it,  as  it  does  the  carbonic  acid.  It  is 
alio  neceffary  to  heat  it  much  more  than  this  • 
latter  folution,  in  order  to  feparate  the  fulphu- 
reous acid  from  it  in  the  gafeous  form.  It  gives 
out  a much  lefs  quantity  of  bubbles,  and  with 
much  lefs  readinefs  than  that  acidulous  water,  by 
fubtraction  of  the  weight  of  the  air  in  the  pneu- 
matic machine.  The  liquid  fulphureous  acid 
has  the  fmell,  ta  fie,  and  difcolouring  property 
of  fulphureous  acid  gas.  It  gradually  abforbs 
oxigen  either  in  a ftate  of  gas,  whether  pure,  or 
mixed  with  atmofpheric  air,  and  palfes,  though 
very  (lowly,  to  the  ftate  of  fulphuric  acid;  this 
effeét  takes  place  the  more  readily,  the  more 
it  is  diluted  with  water,  and  the  more  it  is  ad- 

o 
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tated  in  contact  with  the  air.  In  other  rcfpeéîs,- 
this  acid  liquor  acts  in  the  fame  manner  as  the' 
gas  itielf  upon  combuftible  bodies,  by  the  afftfb 
ance  of  heat,  which  caufes  it  to  affume  the  ga- 
lbons form.  In  a cold  temperature,  it  decom- 
pofes  the  phofphorated  hidrogen  and  fulphurat- 
ed  gafes,  and  precipitates  from  them  either 
phofphorated  fulphur  or  pure  fulphur. 

17*  The  fulphureous  acid,  whether  gafeous  or 
liquid,  is  fir  anger  than  the  carbonic  acid  ; it 
feparatcs  it  from  its  bales  and  from  water.  The 
fulphureous  acid  gas,  received  in  the  liquid  car- 
bonic acid,  takes  its  place,  and  difengages  it 
in  gas. 

18.  It  is  weaker  than  the  phofphoric  and 
the  phofphoreous  acids,  which  expel  it  from 
the  combinations  in  which  it  is  engaged,  with- 
out any  alteration  being  produced  in  either  of 
the  fnbftancGS. 

iq.  As  it  is  much  lefs  ftrong  than  the  ful- 
phuric  acid,  it  is  difengaged  by  the  latter  with 
effervefcence,  in  the  form  of  gas,  from  its  com- 
binations, and  even  from  water.  The  concen- 
trated fulphuric  acid  abforbs  the  fulphureous 
acid  gas,  which  colours  it  yellow  and  brown, 
and  renders  it  odorant  and  fuming.  Thefe  two 
acids  at  trahi  each  other  fo  ftrongly  that,  when 
fubmitted  to  the  action  of  heat,  the  fir  ft  vapour 
which  rifes  cry  ft alii  zes  in  long,  white,  needled 
prifms  in  the  cool  receivers.  This  lingular 
concrete  acid,  which  is  obtained  by  diftilling* 
certain  black  and  fuming  fulphuric  acids  of 
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Saxony,  fuch  as  that  of  Northaufen,  is  a com- 
bination of  the  fulphuric  and  fulphureous  acids. 
It  fmokes  in  the  air,  and  when  the  atmofphere 
is  very  humid,  it  quickly  dilfolves  with  an  ap- 
pearance of  ebullition.  It  has  a lirong  fmell  of 
fulphureous  acid  ; when  thrown  into  water,  it 
makes  the  fame  noife  as  when  a hot  iron  is 

♦ 

plunged  in  it.  If  the  water  be  aerated,  and  em- 
ployed in  abundance,  the  acid  lofes  its  property 
of  fmoking,  and  ceafes  to  be  fulphureous.  It  is 
made  artificially,  and  its  compound  nature  of 
fulphuric  and  fulphureous  acid  is  ascertained, 
by  loading  the  firft  of  tliefe  acids  with  fulphu- 
reous acid  gas,  and  diftilling,  at  a gentle  heat, 
after  it  has  been  rendered  fuming  by  this  com- 
bination. I have  pubiifhed  this  circumftance 
in  a particular  memoir. 

20.  The  fulphureous  acid  is  much  employed 
in  the  arts,  and  in  medicine.  In  gas,  it  ferves 
for  difcolouring  and  bleaching,  particularly 
iilk  and  woollens.  It  takes  out  vegetable  fpots 
and  iron-mould  from  linen.  Phyficians  pre- 
fer! be  it  as  an  atténuant,  particularly  in  affec- 
tions of  the  lungs  ; it  is  not  improbable  that  it 
may  fometimes  a6t  in  the  animal  econoni}^,  by 
abforbing  an  excefs  of  oxigen  which  probably 
eaufes  fome  kinds  of  difeafes. 

It  mull  have  been  feen  by  the  details,  prefac- 
ed in  this  article,  that  the  exact  knowledge  of 
this  acid  has  very  much  contributed  to  the  ad- 
vancement of  feienee,  and  had  great  influenc 
upon  the  progrefs  of  natural  philofophy. 

Article. 
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Concerning  the  Nitric  Acid, 

O 

1.  THE  acid  which  is  diftingu idled  b j the 
name  of  the  nitric  was  unknown  till  the  confir- 
mation of  the  pneumatic  doctrine.  It  was  con- 
founded, in  general,  with  what  was  called  fpirit 
of  nitre,  and  even  with  the  nitrous  acid  ; as  the 
method  of  preparing  it  was  even  unknown.  It 
might,  perhaps,  have  been  proper  to  change  the 
name  of  this  acid,  and  call  it  the  azotic  acid, 
according  to  the  rules  of  the  methodical  nomen- 
clature,  on  account  of  its  radical  azote  ; but 
I have,  elfe  where,  obferved,  that  this  la  ft  name 
not  being  confidered  as  the  belt  which  might 
have  been  applied  to  that  combuftible  bale,  it 
was  not  thought  proper  to  admit  this  change, 
and  renounce  the  generic  expreffion  of  nitre  fc 
long  adopted,  for  another  term  which  did  not 
appear  fufficiently  accurate. 

2.  As  it  is  only  in  confequence  of  the  experi- 
ments and  principles  of  the  modern  French  che- 
milts  that  we  have  acquired  a knowledge  of  the 
nitric  acid,  its  accurate  hiftory  does  not  date 
far  back  ; at  moft  to  the  year  1774  or  177b.  It 
is  to  the  fucceffive  experiments  arid  difeoveries 
of  Prieftley,  La  voider,  Cavendidi,  and  Berthol- 
let,  that  we  are  indebted  for  our  pofitive  know- 
ledge 
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ledge  acquired  on  the  nature  of  this  acid.  It 
is  known  to  be  formed  by  the  radical,  azote, 
united  to  complete  faturation  with  oxigen,  fo 
as  to  contain  20  parts  of  the  former,  and  80  of 
the  latter.  In  our  arrangement  it  occupies  the 
fourth  rank  among  the  acidifiable  bafes,  be- 
caufe  it  is  entitled  to  this  order  from  the  attrac- 
tion of  its  bafe  to  oxigen,  compared  with  the 
three  other  acidifiable  bafes,  carbon,  phofphorus5 
and  fulphur. 

3.  The  nitric  acid  exifts  abundantly  in  na- 
ture, which  forms  it  incelfantly  by  uniting 
azote  to  oxigen  ; more  particularly  among 
vegetable  and  animal  matters  which  putrefy 
flowly.  This  is  the  general  theory  of  natural  or 
artificial  nitre  beds  ; but  the  acid  is  never  found 
/pure.  It  is  united  to  feveral  earthy  and  alka- 
line bafes  ; fo  that  there  is  no  other  method  of 
obtaining  it,  but  to  extradt  it  from  thefe  natural 
compounds. 

4.  There  is  no  doubt  but  that,  at  fome  time 
hereafter,  the  art  of  preparing  it  artificially  by 
combining:  azote  and  oxigen  in  a direct  wav  will 
be  difeovered,  though,  in  the  preceding  fediion, 
it  has  already  been  drown,  that  thefe  two  bodies, 
in  the  ftate  of  gas,  cannot  unite  by  fimply  re- 
maining; in  contadh  Mr.  Cavendilh  difeover- 
ed  that  by  eledtrifying  a mixture  of  thefe  two 
gafes  in  the  proper  proportions,  their  bafes,  by  a 
certain  time  of  eledtrifying,  will  abandon  their 
caloric,  combine  together  and  form  acid  : 
which  alkaline  folutions  fpeedily  abforb,  fo  that 
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the  volume  of  the  elaftic  fluids  will  gradually 
difappear. 

5.  It  is  not  eafy  to  give  a reafon,  or  appre- 
hend the  caufe  of  the  reluit  of  this  beautiful  ex- 
periment which,  in  connexion  with  thofe  of 
PriefUey,  Lav oi fier,  and  Berthollet,  has  thrown 
the  greateft  light  on  the  competition  of  the  ni- 
trous acid.  It  is  not  yet  fufficiently  known  in 
what  manner  the  eledtric  fluid  a dis.  It  fome- 
times  is  feen  to  reduce  liquids  into  gas,  to  fepa- 
rate  and  fufe  together  two  combined  gafe liable 
matters,  and,  in  other  infiances,  it  caufes  the 
bafes  to  allume  the  elaftic  form,  and  favors  their 
mutual  union. 

6,  It  is  only  by  means  of  the  chemical  attrac- 
tions that  we  obtain  nitric  acid.  It  is  extracted 


from  faline  combinations,  in  which  it  is  engag- 
ed ; more  particularly  from  that  which  is  com- 
monly known  by  the  name  of  nitre,  to  which  a 
llronger  acid  is  in  this  operation  applied.  The 
fulphuric  acid  is  chofen  for  this  purpofe  : it 
feizes  its  bafe,  and  difengages  the  .nitric  acid  in 
the  form  of  vapours,  which  are  condenfed  in  the 
receiver.  This  operation  will  he  fpoken  of  more 


in  detail  in  the  lection  of  faits.  It  is  fufficient 
to  notice,  in  this  place,  that  it  is  prepared,  or  ex- 
tradled  by  diltillation,  and  purified  by  heating 
it  gently,  till  all  the  colouring  matter  is  driven 
off,  as  well  as  a certain  quantity  of  water  which 
weakens  it. 


7.  The  nitric  acid,  thus  prepared,  has  the 
form  oi  a colourlels  liquid  poffeffmg  the  fpecific 
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gravity  of  1,5  water  being  denoted  by  1,0.  Its 
acid  tafte  is  fo  fharp  and  cauftic,  that  it  burns 
and  deftroys  organized  matters.  When  lefs 
concentrated  it  conftantly  gives  to  thole  fub- 
ftances  a tinge  more  or  lefs  yellow,  and  it  red- 
dens and  deftroys  blue  and  moft  other  vegetable 
colours.  One  of  the  diftindtive  cliaradters 
which  it  preferves  until  reduced  as  low  as  1,3 
of  fpecific  gravity  is,  that  it  emits  a fume  or 
white  vapour  of  a cauftic,  auftere,  difagreeable, 
and  naufeous  fmell  : whence  it  may  be  feen,  that 
by  the  affiftance  of  its  innple  phyfical  proper- 
ties, the  nitrous  acid  is  ealily  and  with  certainty 
diftinguifhed  from  all  other  acids. 

8.  This  acid,  when  expofed  to  light,  refracts 
it  in  a ratio  fomewhat  greater  than  would  fol- 
low its  denftty.  When  it  remains  long  in  con- 
tadt  with  light,  the  temperature  being  at  the 
fame  time  fuperior  to  20  degrees,  it  begins  to 
undergo  a decompofition  ; a frnall  portion  of 
oxigen  gas  is  difengaged,  and  the  acid  acquires 
a yellow  or  bright  orange  colour,  by  palling 
in  part  to  the  ftate  of  nitrous  acid. 

9.  Caloric  dilates  and  volatilizes  the  nitrous 
acid  without  changing  its  nature,  when  the  tem- 
perature is  not  very  high  ; but  if  this  be  railed 
ftrongly,  as  when  the  acid  is  paffed  through 
an  ignited  earthen  tube,  it  feparates  into  its 
two  gafeous  principles,  and  the  refait  isan  elaf- 
tic  fluid,  favouring  combuftion  more  than  the  at- 
msolpheric  air.  on  account  of  the  great  propor- 
tion of  oxigen  gas  which  it  contains.  This  eft 
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feci  of  accumulated  caloric  on  the  nitric  acid, 
does  take  place  on  any  other  acid  yet  examined, 
and  proves  that  its  two  principles  which  are 
both  fufible  in  the  form  of  gas,  are  but  flightly 
adherent  to  each  other  ; and  agrees  with  the 
experiments  which  fhow  that  azote  and  oxigen 
In  their  nitric  union,  lofe  but  a fmall  propor- 
tion of  the  folvent  caloric,  and  are  very  much 
difpofed  to  ail u me  the  form  of  gas. 

10.  There  is  no  action  between  the  nitric 
acid,  oxigen,  and  azote.  Thefe  two  bodies  in 
the  gafeous  ftate  are  neither  abforbed  nor  al- 
tered by  the  contact  of  this  acid,  which  itfelf 
likewife  undergoes  no  alteration  whatever  by 
inch  treatment.  As  it  is  the  faturated  combi- 
nation of  thefe  two  fub fiances,  it  is  a natural 
confequence  that  it  ihould  have  no  further  at- 
traélion  for  them.  Some  compounds,  . more 
specially  the  clafs  of  animal  matters,  lofe  their 
azote  by  the  firlt  impreffion  of  tlie  nitric  acid 
upon  them,  which  principle  is  then  difengaged 
under  the  form  of  azote  gas.  From  this  pro- 
perty, ehemiits  frequently  ufe  diluted  nitric 
acid,  to  obtain  azote  gas  from  animal  fu Li- 
ban ces. 

1 1.  When  concentrated  nitric  acid  is  expofed 
to  the  air,  the  vapour  which  exhales  from  it, 
combined  with  the  moifture  of  the  atmofphere, 
forms  the  white  fume  which  is  feen,  and  which 
gradually  becomes  condehfed  in  the  liquid 
form.  The  acid  itfelf  abforbs  and  condenfes 
the  water  of  the  atmofphere,  which  uniting 
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with  it,  weakens  its  fpecifiç  gravity,  at  the 
fame  that  it  adds  to  its  weight.  When  the 
lurrounding  air  is  faturated  with  the  vapour, 
and  the  acid,  with  the  atmofpheric  water,  an 
equilibrium  is  eftablifhed,  in  confequence  of 
which  no  further  attraction  goes  on,  and  the 
acid  ceafes  to  emit  fume. 

12.  Hidrogen  has  a much  ftronger  attrac- 
tion for  oxigen  than  azote  has,  whence  it  de- 
compofes  the  nitrous  acid,  though  merely  at 
an  elevated  temperature.  If  this  acid  and 
hidrogen  gas  be  at  the  fame  time  paired 
through  an  ignited  porcelain  tube,  inflamma- 
tion and  detonation  takes  place;  water  is 
formed,  and  azote  or  the  nitric  radical  is  fe- 
parated.  As  the  fame  phenomenon  of  inflam- 
mation and  detonation  does  not  take  place  with 
the  phofphoric  and  fulphuric  acids,  though 
hidrogen  gas  decompofes  them  by  the  fame 
procefs,  it  is  evident  that  it  is  owing  to  the 
almofl  gafeous  ftate,  or  at  leaf!  to  a difpofition 
to  alfume  this  form,  which  the  azote  and  the 
oxigen  prefent  in  the  nitric  acid,  as  has  al- 
ready been  remarked. 

13.  It  is  to  the  fame  eaufe  and  ftate,  that 
the  manner  in  which  carbon  rapidly  decom- 
pofes nitric  acid,  at  an  elevated  temperature, 
is  owing.  At  a red  heat  it  is  fuddenly  fet  on 
fire  by  this  acid,  and  the  products  arc  carbonic 
acid,  and  azote  gas.  Phofphorus  and  fulphur 
exhibit  fimilar  effects  when  treated  by  heat,  or 
by  fulion  with  the  nitric  acid,  which  imme- 
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diately  inflames  them  by  virtue  of  the  caloric 
retained  by  its  ox i gen  ; and  converts  them 
into  fulphuric  and  phofphoric  acids.  But  the 
fame  rapidity  of  decomposition  does  not  take 
place,  if  thefe  combuftibles  be  treated  in  the 
cold  nitric  acid,  or  with  the  fame  acid  gently 
heated.  They  do  not  then  feize  the  whole  of 
its  oxigen  ; but  they  abforb  only  a portion, 
and  convert  it  to  the  ftate  of  nitrous  acid,  or 
nitrous  oxide,  according  to  the  proportion  they 
have  abforbed.  By  this  gentle  and  more  mo- 
derate action,  phofphorus  and  fulphur  are 
ilowly  converted  and  burned  into  phofphoric 
and  fulphuric  acids.  It  is  one  of  the  beft  pro- 
cedes  which  can  be  adopted  to  obtain  phof- 
phoric acid  in  a ftate  of  purity,  and  with 
fpeed  ; that  is  to  fay,  by  throwing  one  part  of 
the  phofphorus,  in  fmall  pieces,  into  four  parts 
o f the  nitric  acid  fucceftively,  till  each  of  them 
has  loft  its  form,  and  becomes  confounded  with 
the  whole  of  the  acid  liquid.  This  mixture 
of  the  nitric  and  phofphoric  acids,  is  then  to 
be  heated,  in  order  to  draw  ©if  the  former, 
and  obtain  the  latter  feparate. 

14.  No  action  takes  place  between  the  nitric 
acid  and  the  diamond,  whatever  temperature 
may  be  applied. 

15.  Moft  of  the  metals  decompofe  nitric  acid 
at  all  temperatures,  fome  of  them  even  take 
lire  by  its  contact  when  in  a ftate  of  divifton 
and  heated  ; moft  of  them  take  from  it  a por- 
tion of  oxigen,  which  exceeds  its  ftate  of  oxide, 
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and  themfelves  by  tliat  means  become  converted 
into  oxides  ; in  fonre  inftances  feparating  and 
falling  down  in  powder,  and  in  others  remaining 
in  folution  in  the  undecompoled  portion  of  tlie 
acid.  The  refaits  are  metallic  falls,  which  will 
be  described  in  another  fedtion  ; the  metals  are 
ufed  to  effect  this  femi-decompofition  of  the 
nitric  acid,  and  to  reduce  it  to  the  ftate  of  ox- 
ide and  azote,  which  will  hereafter  be  examin- 
ed. Some  of  the  metals  which  are  the  rnoft 
greedy  of  oxigen,  require  the  greateft  quantity 
to  faturate  them,  and  completely  decompofe 
tlie  nitric  acid,  and  reduce  it  to  its  radical, 
which  is  then  difertgaged,  in  trie  form  of  azote 
p*as 

1 6.  Water  unites  eafily,  and  in  all  proportions 
with  the  nitric  acid.  This  ftrong  attraction  is 
indeed  the  caufe  why  it  is  never  obtained  in  the 
form  of  gas,  but  conftantly  in  .that  of  a liquid. 
If  ice  at  the  temperature  O,  be  mixed  with  one 
fourth  of  its  weight  of  nitric  acid,  of  the  fpe- 
cific  gravity  of  1,40,  fixteen  degrees  of  cold 
are  produced,  when  the  mixture  is  plunged 
into  a bath,  formed  of  one  part  of  fait,  and 
three  parts  of  ice.  If  into  the  hr  ft  mixture, 
thus  cooled  to  1 6 degrees,  a fécond  be  plunged, 
confifting  of  the  fame  proportions  of  four  parts 
of  ice,  and  one  part  of  concentrated  acid,  this 
laft  defeends  to  22°.  And  if  laftly,  a third  bath 
be  made,  into  which  a third  fimilar  mixture 
of  ice  and  acid  be  plunged,  30  degrees  of  cold 
.are  produced,  by  which  means  mercury  may 
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be  frozen.  Four  parts  of  acid,  and  one  part  of 
ice,  or  the  inverfe  mixture  of  the  former,  afford 
a degree  of  heat  fomewhat  lefs  than  is  produced 
by  the  fulphuric  acid,  and  accordingly  the 
cold  is  lefs  intenfe  than  with  thofe  of  the  firft 
mixture  of  the  nitric  acid.  When  concentrated 
nitric  acid  is  added  to  liquid  water,  there  is 
conftantly  a difen gagement  of  caloric  ; the 
acid  is  weakened,  lofes  its  energy,  and  its 
weight,  and  fumes  lefs,  or  ceafes  to  fume  en- 
tirely, Its  mixture,  as  well  as  that  of  the 
fulphuric  acid,  diluted  with  water,  is  of  greater 
denlity  than  the  mean  calculated  between  the 
two  feparate  liquids.  This  diluted  acid  confti- 
tutes  the  aqua-fortis  of  commerce.  In  fadt,  this 
aqua-fortis  is  almoft  always  impure,  and  mixed 
with  various  foreign  acids,  on  account  of  the 
manner  in  which  it  is  prepared,  as  we  lhall  ob- 
ferve  in  the  hiftory  of  falts.  The  water  united 
to  the  nitric  acid,  may  be  feparated  by  diftilla- 
tion,  and  the  acid  concentrated  like  the  fui» 
phuric  acid  ; but  lefs  heat  and  more  caution 
are  required  to  be  ufed  with  this  acid  than  with 
the  latter,  becaufe  the  nitric  acid  being  more 
volatile  than  the  fulphuric,  rifes  more  eafily 
with  the  water.  Neverthelefs,  by  this  procefs, 
nitrous  acid,  of  the  fpecific  gravity  11,  which 
does  not  fume  at  all,  may  be  eafily  raifed  to 
14—,  and  made  to  fume  abundantly. 

17.  The  nitric  acid  diffolves  a certain  nuim 
her  of  metallic  oxides,  and  forms  falts,  but  it 
does  not  in  general  act  upon  thofe  which  are 
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overcharged  with  oxigen,  or  adhere  ftrongly  to 
that  fubltance,  Often  indeed  when  it  holds 
fome  of  tiiefe  in  folution,  it  eafily  fuffers  them 
to  fall  down,  and  it  frequently  happens,  like- 
wife,  that  thofe  of  the  metallic  oxides,  which 
are  not  faturated  with  oxigen,  but  are  ftrongly 
attradtive  of  that  principle,  decompofe  the  nitric 
acid,  and  take  from  it  a portion  of  oxigen,  fb 
as  to  reduce  to  the  hate  of  nitrous  acid.  This 
never  happens  but  with  fuch  metallic  oxides  as 
are  far  from  being  faturated,  and  of  which  the 
attraction  for  oxigen  is  at  the  fame  time  very 
ftrong. 

18.  On  account  of  its  much  greater  ftrength 
than  the  carbonic  acid,  the  nitric  acid  expels 
it  from  all  the  bafes  to  which  it  is  united,  and 
as  it  then  affumes  the  form  of  gas,  a very  lively 

effervefcence  is  produced.  It  alfo  feparates  the 
phofphoric  acid  from  its  combinations,  and 
difengages  in  the  liquid  form  ; fometimes  the 
reparation  is  only  partial.  We  fhall  return  more 
fully  to  this  fadt  under  the  article  of  phofpho- 
rus,  in  the  fifth  fection. 

19-  The  phofphoreous  acid,  which,  as  is  well 
known,  is  fimply  the  phofphoric  acid,  holding 
a fmall  portion  of  phofphorus  in  folution,  is 
fp.eedily  converted  into  phofphoric  acid,  by 
the  addition  of  concentrated  nitric  acid,  which 
burns  its  excefs  of  phofphorus.  If  the  nitric 
acid  be  weak,  it  is  neceffary  to  employ  heat. 
This  is  the  procefs  to  which  I give  the  pre- 
ference, in  point  of  cheapnefs,  for  obtaining 
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without  lofs,  as  well  as  without  danger  to  the 
operator,  the  pbofphoric  acid  in  a ftate  of 
purity.  I fuffer,  according  to  the  method  elfe- 
wliere  pointed  out,  phofphorus  to  burn  in  the 
air,  and  become  converted  into  phofphoreous 
acid.  I then  treat  it  in  a retort  with  one  eighth 
of  its  weight  of  nitric  acid,  at  the  fpecifie  gra- 
vity of  1,8,  and  I diftil  by  a gentle  heat,  to  burn 
all  the  excefs  of  phofphorus,  and  difen  gage 
the  nitric  acid,  of  which  part  exhales  in  oxide 
of  azote.  The  phofphoric  acid  remains  pure 
and  concentrated  at  the  bottom  of  the  diftilling 
apparatus. 

20.  The  fulphuric  acid,  of  which  the  attrac- 
tions are  in  «-eneral  much  ftronger  than  thofe 
of  the  nitric  acid,  does  not,  however,  produce 
any  change  in  this  laft.  When  mixed  with  it 
there  is  a difengagement  of  caloric,  becaufe 
the  fulphuric  acid  in  its  concentrated  ftate, 
feizes  the  water  of  the  nitric  acid,  and  con- 
denfes  it  more  than  it  was  condenfed  in  its 
union  with  the  latter.  The  nitric  acid  is  there- 
fore condenfed  by  the  addition*  of  the  fulphuric 
acid,  and  by  this  means  it  becomes  ftronger  and 
more  capable  of  producing  certain-  eifedls  in 
chemical  operations. 

21.  The  nitric  acid  a 61s  otherwife  on  the 
fulphureous  acid  ; it  not  only  is  much  ftronger 
than  this  laft,  fo  as  to  feparate  it  from  water 
and  its  feveral  combinations,  but  it  has  alfo 
the  property  of  fupplying  it  with  oxigen,  and 
converting  it  into  fulphuric  acid,  at  the  fame 
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time  that  itfelf  pafies  to  the  ftate  of  oxide  of 
azote.  For  this  reafon  it  is,  that  nitric  acid, 
poured  into  fulphuric  acid,  which  is  frequently 
rendered  impure  by  a mixture  of  fulphureous 
acid,  purifies  it,  and  renders  it  clear,  by  com- 
pletely burning  not  only  the  excefs  of  fulphur 
which  it  contains,  but  even  the  other  combufti- 
ble  bodies,  fueli  as  charcoal  and  hidrogen,  which 
it  fometimes  contains.  But  we  muft  not  con- 
fider  this  mode  of  purification  which  is  frequent- 
ly ufed  in  the  arts,  as  certain  and  ufeful  in 
chemiftry,  unlefs  the  fulphuric  acid  be  after** 
wards  heated  fufficiently  to  difengage  all  the 
nitric  acid,  and  oxide  of  azote,  which  it  contains 
after  the  addition  of  the  nitric  acid. 

22.  It  is  not  fufficient  that  the  ftudent 
fliould  be  thus  acquainted  with  the  properties 
of  the  nitric  acid  in  its  entire  ftate.  As  it  is 
the  molt  decompofable,  though  the  moft  oxi- 
genated  of  the  known  acids,  becaufe  its  two 
originally  gafeous  principles  have  loft  but  little 
caloric  in  their  mutual  combination,  and  no 
doubt,  for  this  reafon  adhere  but  weakly  to 
each  other,  it  is  caftly  decompofed  by  almoft 
every  combuftible  fubftance,  which  feizes  its 
oxigen  more  or  lefs  eafdy  ; in  fome  inftances 
burning  even  with  flame  in  proportion  as  they 
abforb  the  oxigen  into  a more  folid  ftate  than 
it  exifted  in  the  nitric  combination.  It  is  there- 
fore of  importance  to  clefcribe  carefully  the 
phenomena  of  this  decompofttion,  which  at  the 
fame  time  that  it  throws  light  on  a number  of 

operations, 


124 


NITRIC  AC I P» 


operations,  will  have  the  advantage  of  render- 
ing the  hiftory  of  acid  of  nitre  more  clear  and 
complete. 

£3.  When  we  announced  that  the  nitric  acid 
is  a compound  of  £ 0 parts  of  azote,  and  80  of 
oxigen,  and  ftiowed  that  from  the  flight  ad- 
herence of  thefe  two  bodies,  it  ought  to  prove 
the  moft  burning  of  all  the  acidified  com- 
pounds, and  that  when  completely  decompofed 
by  combuftible  bodies,  fo  as  to  have  loft  the 
whole  of  its  oxigen,  it  is  reduced  to  the  ftate 
of  its  pure  radical  or  azote  gas,  in  proportion 
to  the  difengagement  of  caloric  which  always 
takes  place  in  thefe  operations.”-!  was  careful 
to  remark,  that  the  greateft  number  of  com- 
buftible bodies  do  not  deprive  it  of  all  its 
oxigen,  but  feize  only  the  quantity  which  con- 
ftitutes  the  acid  form,  and  leave  it  that  portion 
which  is  requifite  to  give  it  that  of  the  oxide 
of  azote.  As  this  fpecies  of  oxide  which  I have 
only  pointed  out  at  the  third  article  of  this 
flection,  cannot  be  prepared  at  leaft  in  flufticient 
abundance  to  examine  it  well,  unlefls  by  the 
partial  decompofition  of  the  nitric  acid,  it  will 
be  proper  to  give  an  account  of  it  in  this 
place. 

£4.  Dr.  Prieftley,  by  receiving  under  glafs 
veflels  filled  with  water,  the  gas  which  they  dis- 
engaged in  the  aétion  of  the  nitrous  acid  on 
the  metals,  diflcovered  the  fluid  which  he  de- 
nominated  nitrous  gas,  which  is  truly  the 
oxide  of  azote,  or  nitric  acid  difacidified.  It 
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was  afterwards  afcertained  by  Lavoifier,  that  in 
this  cafe  the  metals  feize  near  half  the  oxigen 
in  the  nitric  acid  ; that  out  of  80  parts  of  this 
principle,  they  take  near  37,  and  confequently 
the  nitrous  gas,  or  oxide  of  azote,  which  refults 
from  this  laft  decompofition,  as  I have  already 
on  feveral  occafions  obferved,  is  a compound 
of  32  of  azote,  and  6 8 of  oxigen.  This  dif- 
acidified  body,  though  it  contains  of  oxigen 
twice  the  weight  of  its  radical,  proves  that 
azote  is  in  faét  infinitely  lefs  acidifiable  than 
inoft  of  the  other  combultible  bafes,  and  forms 
when  we  confider  it  under  this  new  point  of 
view,  an  acid  fo  decompofable,  only  becaufe 
its  faturation  requires  fo  large  a dofe  of  the 
acidifying  principle  ; a cireumitance  which 
Ihows  the  weaknefs  of  its  adherence. 

25.  This  oxide  of  azote  has  been  in  feveral 
inftances  compofed  without  nitric  acid,  by  de- 
compofmg  at  an  elevated  temperature,  as  in 
porcelain  tubes  made  red  hot  in  the  hre,  mix- 
tures of  fubftances  compofed  of  azote,  and  other 
oxigenated  matters,  as  will  hereafter  be  fhown  ; 
but  the  molt  expeditious  and  moft  convenient 
procefs  conflits  in  treating  combuftible,  me- 
tallic, or  vegetable  bodies  with  the  nitre  acid 
fomewhat  diluted,  and  adapting  to  the  con- 
taining veffels,  glafs  tubes  plunged  beneath  in- 
verted veifels  of  water. 

£6.  The  oxide  of  azote  thus  obtained  is  a 
gas,  weighing  near  0,07  more  than  air,  of  a 
difagreeable  ffyptic  tafte,  and  ftrong  fmell, 
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ilmilar  to  that  of  nitric  acid,  refracting  the 
light  without  being  decompofed,  dilatable  by 
heat,  and  not  decompofable  by  fire,  even  at 
the  temperature  of  the  red-hot  tube,  through 
which  it  p ailes  without  alteration,  though  the 
entire  nitric  acid  is  completely  decompofed. 
Citizen  Van  Marum  found  that  nitrous  gas 
through  which  the  eledtric  fpark  is  paifed,  is 
reduced  to  one  third  of  its  volume,  and  con- 
verted into  azote  gas  and  nitrous  acid.  This 
gas  is  not  acid  itfelf,  and  does  not  redden  blue 
vegetable  colours  ; it  is  not  foiuble  in  pure 
water  ; it  extinguiihes  in  oft  inflammable  bodies, 
and  deprives  animals  of  fenfation;  it  oppofes 
the  putrefaction  of  animal  bodies  as  a ftrong 
antifeptic. 

27.  The  moft  permanent  character  which  is 
the  moft  remarkable  and  effential  to  be  known 
in  the  oxide  of  azote,  or  nitrous  gas  is,  that 
it  again  forms  the  acid  by  the  mere  contact 
of  oxigen  gas.  Thefe  two  mixed  gafes  pene- 
trate, become  condenfed,  fuffer  the  difengage- 
ment  of  caloric,  and  become  changed  into  a 
red  orange-coloured  acid  vapour,  which  red- 
dens blue  colours,  is  foiuble  in  water,  and  is 
not  a nitric  but  a nitrous  acid.  In  order  to 
acidify  in  this  manner,  the  oxide  of  azote  re- 
quires the  proportion  of  oxigen  which  is  want- 
ing, namely,  near  two  thirds  of  its  weight. 
This  very  'lingular  phenomenon  proves,  that 
the  oxide  of  azote  is  very  different  from  azote 
gas,  which  does  not  combine  with  oxigen 
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gas,  but  by  long  electrization.  It  alfo  explains 
why,  when  a folution  of  metal  is  made,  or 
when  a combuftible  body  in  general  is  treated 
with  the  very  clear  nitric  acid  in  anopen  veffel, 
there  is  a production  of  red  vapour  in  the  air, 
of  which  the  oxigen  o*as  is  at  once  condenfed 
into  nitrous  acid  by  the  contact  of  the  nitrous 
gas  which  rifes  ; whereas  when  this  operation  is 
made  in  a clofe  veffel,  no  red  vapour  is  feen, 
after  the  fmall  portion  of  air  which  may  have 
been  contained  in  the  veffel,  has  been  con- 
fumed  by  the  firft  portion  of  oxide  of  azote 
that  rifes. 

^8.  The  rutilât  ion  or  formation  of  red  va- 
pours by  the  mixture  of  oxigen  gas,  is  a 
kind  of  flame,  which  being  accompanied  with 
the  difengagement  of  caloric,  reprefents  a fpe- 
cies  of  combuftion,  and  blows  that  the  oxide 
of  azote  is  much  more  combuftible  than  azote 
gas  ; this  fail  being  combuftible  only  by  the 
abidance  of  eleCtrieity  ; the  caufe  no  doubt  de- 
pending on  the  denfe  date  of  the  azote  in 
the  nitrous  gas,  and  the  increafe  of  its  attrac- 
tion for  oxigen  by  that  means.  We  mud 
obferve  elfewhere,  that  in  this  true  combuftion. 
the  oxigen  gas  lofes  only  a fmall  portion  of 
caloric;  for  by  comparing  the  proportion  of 
ice  fufed  by  the  heat,  which  is  feparated  in  this 
combuftion  from  that  which  would  be  difen- 
gaged  from  the  fame  quantity  of  oxigen  gas, 
during  its  dxation  in  phofphorus,  Lavoider 
found  that  it  is  only  one  ninth  part,  fo  that 
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There  remains  in  the  nitric  acid  near  eight 
ninths  of  the  caloric  belonging  to  the  oxigen 
gas,  which  enters  into  its  compofition. 

£9.  It  was  natural  to  believe,  that  nitrous  gas 
having  the  property  of  feizing  the  oxigen  gas, 
and  of  forming  with  it  nitrous  acid,  might  ferve 
to  point  out  the  proportion  of  this  laft  contained 
in  a given  quantity  of  atmofpheric  air.  It  has, 
accordingly,  been  propofed,  as  the  infiniment  of 
eudiometry  ; but  it  wras  loon  afcertained  that 
this  method  is  not  to  be  depended  on,  as  well 
on  account  of  the  variable  nature  of  nitrous 
gas,  which  may  contain  more  or  lefs  azote  gas, 
according  to  the  manner  in  which  the  nitric 
acid  has  been  decompofed,  as  from  the  various 
proportions  of  nitrous  gas  which  is  diffolved  in 
the  nitric  acid  thus  formed,  which  conftitutes 
the  nitrous  acid  in  the  red  vapour,  a proportion 
which  may  vary  by  a number  of  circumftances. 
This  eudioinetric  procefs  is,  therefore,  aim  oft 
totally  renounced,  more  efpecially  fmce  many 
other  more  certain  and  lefs  fallacious  methods 
have  been  di (covered;  neverthelefs,  on  compar- 
ing the  various  eudiometric  methods  with  each 
other,  Mr.  Humbolt  thinks  that  nitrous  gas  is 
one  of  the  heft  methods  of  afeertaining  the  pro- 
portion of  oxigen  gas  contained  in  the  atmo- 
fphere,  when,  by  other  means,  the  quantity  of 
azote  gas,  as  contained  in  the  nitrous  gas,  is 
hr  ft  determined.  This  may  accurately  be  done 
by  examining  it,  fir  ft  by  a folution  of  fulphate 
of  iron,  which  abforbs  the  nitrous  uas  alone, 
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and  leaves  the  azote  gas,  I fliall  return  in  the 
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hiftory  of  iron,  to  this  property  of  abforbing 
the  nitrous  acid  which  the  fnlphate  of  that  me- 
tal poffeffes. 

30.  The  oxide  of  azote,  or  nitrous  gas,  does 
not  aét  in  any  manner  upon  azote.  When  mix. 
ed  with  hidrogen  gas,  it  gives  a green  colour  to 
its  flame.  Vf  hen  both  are  introduced  together 
in  an  earthen  tube  made  red-hot,  they  take  fire, 
and  afford  water  and  azote  gas. 

31.  It  has  no  adtion  in  a common  tempera- 
ture on  carbon,  phofphorus,  and  fulphur.  At 
an  elevated  temperature  it  burns  them,  and  con- 
verts them  into  acids,  while  itfelf  paffes  to  the 
ftate  of  azote  gas.  It  burns  by  the  fimple  cen- 
tal of  the  fulphurated  and  phofphorated  hi- 
drogenous  gafes,  and  affords  water,  phofpho- 
rus, fulphur,  and  azote  gas.  It  does  not  decom- 
pofe  carbonated  hidrogen  gas.  The  property 
of  decompofmg  fulphurated  and  phofphorated 
hidrogen  gafes,  which  nitrous  gas  poffeffes  by 
becoming  itfelf,  at  the  fame  time,  reduced  to 
azote  gas,  a property  which  is  not  found  in  ni- 
tric acid,  proves  that  the  oxigen  adheres  lefs  to 
the  azote  in  the  nitrous  gas  than  in  the  nitric 
acid.  It  feems,  at  firft  confideration,  that  this 
affertion  is  contrary  to  the  general  theory, 
which  demands  that  the  firft  portions  of  the  bo- 
dy fhould  adhere  more  flrongjy  than  the  latter, 
but  this  contradiâion  is  here  merely  apparent, 
and  depends  on  the  oxigen,  and  the  azote  of  the 
nitrous  gas  being  in  another  ftate  than  in  the 
nitric  acid.  It  appears,  that  it  is  to  the  çalo- 
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rîc,  added  at  the  moment  of  the  formation  of 
the  nitrous  gas,  that  the  eafy  reparation  of  its 
principles  is  owing.  We  tliall  fee,  that  this 
confideration  is  fufficient  to  explain  the  dif- 
ferences that  exift  between  the  nitric  and  the 
nitrous  acids. 

32.  The  oxide  of  azote  does  not  a6t  on  the 
diamond  ; mo  ft  of  the  metals  are  not  altered  by 
it.  The  mo  ft  combuftible,  however,  are  ox- 
ided  in  procefs  of  time,  and  reduce  it  to  the 
ftate  of  azote  gas.  When  the  metallic  fulphu- 
rets  in  a very  divided  and  moift  ftate  are  plunged 
in  it,  thefe  bodies  gradually  divide  the  two  prin- 
ciples into  infulated  gafes,  and,  after  feme  days, 
the  elaftic  fluid  is  found  to  confift  of  air  in  a 
purer  ftate  than  common  air.  At  length,  how- 
ever, the  oxigen  gas  is  abforbed,  and  the  azote 
gas  remains  alone. 

33.  Water,  which  does  not  diffolve  nitrous 
gas,  or  the  oxide  of  azote,  converts  it,  never- 
thelels,  into  acid  when  it  contains  air.  This  is 
the  reafon  why  it  lometimes  abforbs  it  in  part, 
and  then  acquires  a rough  tafte,  'with  the  pro- 
perty of  reddening  blue  vegetable  colours. 

34.  Some  metallic  oxides  among  the  rnoft 
greedy  of  oxigen  decompofe  nitrous  gas.  In  a 
courfe  of  time,  they  reduce  it  to  the  ftate  of 
azote.  Others,  on  the  contrary,  yield  to  it  part 
of  their  oxigen,  and,  by  converting  it  into  an 
acid,  form  with  it  metallic  nitrates. 

35.  Nitrous  gas  has  no  action  on  the  car- 
bonic and  phofphoreous  acids.  It  unites  with 
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the  fulphuric  acid,  and  ftrongly  adheres  to  it, 
changing  it  into  concrete  or  glacial  acid,  which 
is  environed  with  an  atmofphere  that  becomes 
ruddy  in  the  air,  and  fuffers  the  gas  to  difen* 
gage,  while  the  acid  itfelf  is  diffolved  by  the 
abforption  of  moifture.  It  is  liquefied,  and 
very  eafiiy  fixed  in  concentrated  nitric  acid, 
which  it  then  converts  into  nitrous  acid,  as  we 
ill  al  1 fee  in  the  following  article. 

3b.  From  the  properties  of  the  nitric  acid  al- 
ready explained,  we  may  conclude,  that  no  acid 
can  be  confidered  as  a more  valuable  infiniment 
of  philofophical  procefs  than  this,  and  the  exaét 
knowledge  we  poffefs  of  its  nature,  its  prin- 
ciples, their  proportion,  their  aim  oft  gàfeous 
ftate,  and  their  folid  adherence,  mud  render  it 
of  extreme  utility  in  chemiftry.  They  throw 
the  ftrongeft  light  on  its  ufe  in  a variety  of  arts. 
No  fubftance  has  advanced  the  fcience  more 
than  this  ; no  fubftance  prefents  an  inftrument 
of  analyfis  of  greater  value  or  certainty  in  its 
refaits.  When  we  confider  it  likewife  as  a re- 
remedy,  the  medical  art,  which  is  entitled  to 
expect  fuch  eminent  fer vices  from  modern  che- 
miftry, may  ufe  it  in  a great  number  of  practical 
indications.  It  has  already  been  employed 
with  great  fuccefs  in  diforders  of  the  fkin,  and 
fyphilitic  affections,  of  which  it  may  ferve , to 
refoive  the  theoretic  curative  problem.  Few 
fubftances,  in  general,  have  fo  ftrong  a claim 
to  the  attention  of  the  chemift,  the  phyfician, 
and  the  philofopher,  as  the  nitric  acid,  or  de- 
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deferve  to  be  ftudied,  with  greater  attention,  in 
all  its  feveral  habitudes. 


Article  XL 

- m » s r ‘ 

Concerning  the  Nitrous  Acid, 

* 

1.  IT  was  in  this  ftate,  and  under  this  form 
only,  that  the  nitric  acid  was  formerly  known  ; 
in  confequence  of  which  the  names  of  fpirit  of 
nitre  and  nitrous  acid  were  indifferently  given 
to  it  : but,  fince  the  eftablifhment  of  the  pneu- 
matic dodtrine  and  the  methodical  nomencla- 
ture, the  nitrous  and  nitric  acids  have  been 
carefully  diftinguifhed.  The  rules  of  this  no- 
menclature already  flrow,  that  the  nitrous  acid 
mull  have  the  fame  relation  to  the  nitric,  as  the 
phofphoreous  to  the  phofphoric,  the  fulphureous 
to  the  fulphuric  acid,  and  that  confequently  it 
contains  more  of  radical  and  lefs  of  oxigen, 
and  is  therefore  lefs  acid  and  lefs'  ftrong.  But 
thefe  general  ideas  are  not  fufficient.  It  is  ne- 
cdfary  to  examine  this  acid  more  in  detail,  in 
order  to  afcertain  its  differences  from  the  nitric 
acid. 

2.  The  nitrous  acid  is  formed  whenever  the 
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oxide  of  azote  or  nitrous  gas  is  diffolved  in  the 
nitric  acid,  whether  that  elaftic  fluid  be  paffecl 
immediately  into  the  acid,  and  agitated  together 
with  it,  or  whether  a lower  fhatuiri  of  the  acid 
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be  (lowly  decompofed  by  a combuflible  matter 
plunged  therein,  fo  that  the  nitrous  gas,  which 
is  difengaged,  fhall  become  in  part  fixed  in  the 
upper  flrata  of  the  fame  acid.  In  this  manner 
it  is  that  very  clear  nitric  acid,  at  the  bottom 
of  which  a metal  is  thrown,  which  gradually  dif- 
folves  and  deprives  it  of  a portion  of  its  oxigen, 
affumes  fir  ft  a blue-greenifh  colour  in  the  part 
which  diffolves  the  difengaged  oxide  of  azote. 

3.  From  a fimilar  caufe  it  is  that  the  nitric 
acid,  expofed  to  light,  becomes  coloured  and 
yellow,  in  proportion  as  it  emits  oxigen  gas,  be- 
caufe  in  this  cafe,  as  vrcll  as  in  the  foregoing, 
the  oxide  of  azote,  detained  in  the  acid,  colours 
and  converts  it  into  nitrous  acid.  The  fame 
thing  happens  w hen  the  nitric  acid  is  heated, 
for  a long  time,  in  a retort;  with  this  difference, 
however,  that  the  oxide  of  azote,  being  dif- 
engaged by  heat  carries  with  it  in  vapour  a por- 
tion of  the  nitric  acid,  which  it  fat  urates  and 
converts  to  an  orange  colour. 

4.  It  is  eafy  to  underhand  from  thefe  firft 
data,  that  the  nitrous  acid  being  merely  a fo- 
lution  of  nitrous  gas  in  the  nitric  acid,  or  this 
laft  acid,  charged  with  nitrous  gas,  there  muft 
be  many  varieties  of  nitrous  acid,  according 
to  the  proportions  of  nitrous  gas,  which  are 
united  to  the  nitric  acid,  and  that  what  is 
called  nitrous  gas  is  never  a compound  of  a 
confiant  and  uniform  nature.  It  differs,  there-? 
fore,  in  this  refpedl,  from  the  phofphoreous  and 
fulphureous  acids,  which  are  confiant  and  de- 
terminate 
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terminate  combinations  of  phofphorus  and  ful- 
phur,  with  the  phofphoric  and  fulphuric  acids. 
There  is,  neverthelefs,  a term  in  the  union  of 
the  nitric  acid  with  the  oxide  of  azote,  a point 
of  faturation  beyond  which  the  union  cannot  be 
carried,  namely,  that  at  which  the  nitric  acid 
is  converted  into  a red  vapour,  very  difficult  to 
be  condenfed,  and  diffolvéd  in  water.  It  ap- 
pears that  the  proportions  of  azote  and  oxigen 
contained  in  this  maximum  of  nitrons  acid,  are, 
as  Lavoifier  has  ffiown,  25  of  the  former,  and 
75  of  the  latter,  which  approaches  very  nearly 
to  the  hate  of  nitric  acid,  and  containing,  as  we 
have  fecn,  20  of  azote,  and  BO  of  oxigen. 
Prieftley  has  found  that  100  parts  of  nitric 
acid  of  1,4  of  fpeciiic  gravity,  abforbed  90  parts 
of  nitrous  gas  to  become  converted  to  the  ftate 
of  red  nitrous  vapour. 

5.  Notwithstanding  thefc  varieties,  and  this 
indeterminate  ftate  of  the  nitrous  acid,  this  acid, 
neverthelefs,  prefents  a cohesion  of  properties 
which  diftinguiflies  it  Angularly  from  the  ni- 
tric acid,  and  are  characteriftic  of  it.  When 
very  pure,  and  in  its  maximum  of  oxigenation, 
that  is  to  fay,  at  0,75  of  oxigen,  it  has  the  form 
of  a vifible  gas  of  a deep  red  colour,  holding  wa-> 
ter  in  folution,  and  very  difficult  to  be  con- 
denfed in  that  liquid.  This  vapour  is  much 
more  volatile  than  the  nitric  acid,  and  when 
this  laft  is  diftilled,  the  portion  of  nitrous  gas, 
which  it  may  contain,  rifes  together  with  fome 
nitric  acid,  and  is  feparated  in  the  form  of  rucU 
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dy  vapour,  fo  as  to  leave  the  nitric  acid  in  a 
it  ate  of  purity. 

6*.  The  nitrous  acid,  and  that  vapour  which  is 
the  lad  limit  of  this  oxigenation,  undergo  no 
farther  change  on  the  part  of  light  or  caloric. 
Oxigen  gas  does  not  combine  with  it  as  it  did 
with  pure  nitrous  gas  ; and  though  this  gas  be 
pajTed  through  the  red  vapour,  it  is  not  con- 
verted into  nitric  acid;  an effeéf which  depends 
on  the  adherence  of  the  nitrous  oxide  to  the 
nitric  acid.  Hence  it  is,  that  this  mixture  of 
gas,  confiding  of  the  red  vapour,  and  oxigen 
gas,  admits  a lighted  candle  to  bum  in  it  bet- 
ter  than  in  common  air.  Neverthelefs,  liquid 
or  folid  oxigen,  can  unite  with  the  oxide  of 
azote  condituting  the  nitrous  acid,  and  convert 
it  into  the  nitric  acid,  which  takes,  place  when 
the  nitrous  acid  vapour  is  agitated  with  aerated 
water.  The  nitrous  acid  has  the  fame  habitude 
with  the  common  air  as  with  oxigen  gas. 

7.  There  is  no  attraction  between  the  nitrous 
acid  and  azote,  nor  abforption  of  azote  gas  by 
this  acid.  We  may  even  remark,  on  this  occa- 
don,  that  azote  can  never  combine  with  the 
nitric  acid,  nor  carry  it  to  the  date  of  nitrous 
acid.  It  is  necelfary  that  it  lliould  be  in  the 
date  of  oxide  to  unite  with  it,  which  ede<5t  is 
probably  caufed  by  its  greater  denfity  in  that 

. date. 

8.  Mofteombuftible  bodies  undergo  the  fame 
changes  from  the  nitrous  acid  as  from  the  ni- 
tric acid.  There  is,  neverthelefs,  a very  nota- 
ble 
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ble  difference  between  the  ahtion  of  the  two 
acids  ; namely,  that  the  former  inflames  mo  ft 
eombiiftible  bodies  much  better,  and  more 
fpeedily  than  the  nitric  acid  does,  and  that,  in. 
order  to  fucceed  in  thofe  inflammations  which 
are  among  the  moi  interefting  experiments 
of  chemiftry,  it  is  neceffary  to  ufe  the  nitric 
acid  more  or  lefs  in  the  nitrous  ftate,  or  charged 
with  nitrous  gas.  The  caufe  of  this  phenome- 
non appears  to  depend  not  only  on  the  ftate  of 
rarefaction  or  divifion,  which  the  nitrous  gas 
produces  in  the  nitric  acid  with  which  it  is  com- 
bined, but  alfo  on  the  c ire um fiance  that  the 
nitrous  gas,  as  has  been  ihown  in  the  preceding 
article,  is  more  decompofable  than  the  nitric 
acid,  and  more  readily  yields  its  oxigen,  which 
is  lefs  adherent  to  the  azote  in  confequence  of 
the  great  quantity  of  caloric  united,  at  the 
fame  time,  to  the  nitrous  oxide.  It  is,  accord- 
ingly  remarked,  that,  at  the  moment  in  which 
an  acid,  more  or  lefs  nitrous,  attacks  combufti- 
ble  bodies,  particularly  heated  carbon,  phofpho- 
rus,  fufed  fulphur,  or  the  metals  divided  and 
hot  which  it  is  capable  of  inflaming,  there  is 
difengaged  with  great  effervefcence  and  ebul- 
lition, a conliderable  quantity  of  gas  which 
conflits  entirely  of  azote  gas,  which  accompa- 
nies a portion  of  nitrous  vapour  carried  up,  at 
the  fame  time,  into  the  atmofphere.  For  the 
fame  reafon  it  is,  that  the  nitrous  acid  decom- 
pofes  phofphorated  and  fulphurated  hidrogen, 

and 
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and  precipitates  the  phofphorus  and  the  ful- 
phar. 

9.  It  has  already  been  oblerved,  that  the  true 
nitrous  acid,  or  nitric  acid  containing  almoft 
its  own  weight  of  nitrous  gas,  and  thus  carried 
to  the  ftatc  of  ruddy  nitrous  vapour,  is  fcarcely 
foluble  in  water.  In  procefs  of  time,  however, 
it  becomes  liquefied  with  the  production  of 
heat;  part  of  the  oxide  of  azote  is  difengaged 
in  nitrous  gas.  Water,  in  proportion  as  the 
folution  of  this  acid  takes  place  in  it,  paffes 
through  fhades  of  blue-green,  green,  yellow, 
orange,  and  brown-red.  If  it  be  charged  with 
air,  the  firlt  portions  of  nitrous  vapour  which 
are  condenfed,  become  changed  into  nitric 
acid. 

10. *  The  metallic  oxides  are  differently  affect- 
ed with  the  nitrous  ackl,  according  tdtheir  par- 
ticular nature.  The  leaft  oxided  amone;  them 
unite  with  the  portion  of  nitric  acid  which  it 
contains,  and  drive  off  the  nitrous  gas.  The 
molt  oxided  metals  fometimes  change  it  into  ni- 

„ trie  acid  by  fupplying  oxigen. 

11.  The  carbonic  and  phofphorie  acids  are 
not  eafily  feparated  from  their  bafes  by  the  ni- 
trous acid,  properly  fo  called,  or  by  the  nitric 
vapour,  on  account  of  the  difficulty  with  which 
itfelf  unites  with  thefe  bafes.  By  long  contact 
the  portion  of  nitric  acid  which  contains  the  ni- 
trous acid,  at  length  difen  gages  thefe  acids,  and 
the  oxide  of  azote,  or  nitrous  gas,  exhales  at 
the  fame  time. 


12.  The 
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12.  The  phofphoreous  acid  is  converted  into 
pholphoric  acid  by  the  nitrous  acid,  from  which 
at  the  fame  time  the  nitrous  gas  is  difengaged. 
The  fulphuric  acid  alfo  effects  this  difengage- 
ment  by  the  heat  it  produces,  and  feizes  the 
water  which  was  united  to  the  nitrous  acid. 
The  fulphureous  acid  is  converted  into  fulphu- 
ric acid  by  the  fame  acid,  which  parts  with  its 
nitrous  gas, 

13.  The  nitric  acid  diffolves,  or  rather  ab- 
forbs  very  rapidly,  the  nitrous  acid  faturated 
with  oxide  or  red  nitrous  vapour,  and  thus 
paffes  to  the  hate  of  the  nitrous  acid,  which  is 
more  coloured  in  proportion  to  the  quantity  of 
the  abforption.  A great  number  of  different 
nitrous  acids  may  be  compofed  according  to 
the  dofe  of  nitrous  vapour  combined  with 
them.  Moft  of  the  nitrous  acids,  coloured  from 
the  blue-sreen  to  the  brown-red  in  the  laborato- 

ci 

ries  of  chemiftry,  are  merely  mixtures  of  nitric 
acid,  with  more  or  lefs  of  nitrous  acid,  properly 
fo  called.  Therefore  when  they  are  diftilled, 
the  nitrous  vapour  is  difengaged,  and  pale  me- 
tric acid  remains  in  the  retort.  From  the  quan- 
tity of  this  laft,  a judgment  may  be  formed  of 
the  kind  of  nitrous  acid  fubmitted  to  analyfis. 
It  mult  be  obferved,  that  as  thefe  coloured 
acids  fuffer  the  nitrous  and  ruddy  vapour  which 
coloured  them,  to  fly  off  by  heat,  which  be- 
in  cr  more  volatile  than  the  nitric  acid  foon 
fills  the  receiver,  fo  likewife  the  nitric  acid  re- 
diffolves  this  vapour  in  cooling.  For  this  rea- 
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foil  it  is,  that  when  the  nitric  acid  is  prepared 
by  rectifying  the  coloured  acids  of  nitre,  it  is 
neceffary  to  detach  the  receivers  charged  with 
this  vapour;  for  if  they  be  fuffered  to  retain 
their  communication  with  the  retort,  thefe  re- 
ceivers are  found,  fome  hours  after  the  cooling, 
to  be  deprived  of  their  colour,  and  the  acid 
which  had  become  pale  by  the  heat,  has  re- 
fumed  its  red  or  orange  colour. 

14.  The  hiftory  of  the  nitrous  acid  throws  a 
great  light  on  that  of  the  nitric  acid,  and  ni- 
trous gas.  Though  the  nitrous  vapour,  which 
is  the  pure  nitrous  acid,  is  feldom  ufed,  yet 
the  nitric  acids,  more  or  lefs  nitrous,  are  often 
applied  in  chemiftry,  which  produce  in  general, 
upon  combuftible  bodies,  a more  fpeedy  and 
energetic  effect  than  the  pure  nitric  acid,  the 
jreafon  of  which  has  already  been  explained. 


Article  XXL 
Concerning  the  Metallic  Acids . 

1.  I SHALL  not  in  this  place  fpeak  of  the 
pietallic  acids  to  a greater  extent  than  is  ne- 
ceffary to  give  a more  complete  and  uninter- 
rupted continuation  of  the  account  of  thefe 
bodies,  which  are  well-known  compounds, 
formed  by  the  union  of  fimple  radicals  and 
pxigen.  The  particular  properties  of  each  fpe^ 

cies 
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cies  of  thefe  acids  will  be  more  fully  defcribed 
in  the  fedtion  appropriated  to  the  detailed  hif- 
tory  of  metallic  fubftances.  It  is  therefore 
chiefly  with  a view  to  compare  them  in  a ge- 
neral manner  with  acids  already  treated  of,  that 
I examine  them  here. 

â.  Out  of  twenty-one  fpecies  of  metals  at 
prefent  known,  there  are  only  four  which  can 
be  converted  into  acids,  namely,  arfenic,  tung- 
ften,  molybdena,  and  chrome.  Though  fome 
others,  in  their  lafi  degree  of  oxidation,  pre- 
fent certain  properties  fimilar  to  thofe  of  acids, 
yet  thefe  analogies  are  {till  too  remote,  and  the 
differences  between  their  ftate  and  that  of  other 
acids,  too  ftriking  to  admit  of  claffmg  them 
among  thofe  compounds. 

3.  Like  the  preceding  acids,  formed  of  Am- 
ple or  undecompofed  radicals,  thefe  acids  alfo 
require  a certain  proportion  of  oxigen  to  ar- 
rive at  the  acid  ftate.  All  of  them,  before  their 
acidification,  pafs  to  the  preliminary  ftate  of 
oxides.  All  of  them,  therefore,  contain  two 
portions  of  oxigen  ; the  one  Amply  oxiding, 
and  the  other  acidifying.  In  each  of  them  the 
firft  of  thefe  portions  adheres  more  ftrongly 
than  the  fécond, 

4.  Hence  it  arifes,  that  during  their  acidifi- 
cation they  firft  ftop  at  the  ftate  of  oxides,  and 
frequently  do  not  arrive  at  the  acid  ftate, 
but  by  procédés  very  different  from  thofe 
which  produce  their  oxides  only.  An  inverted 
procefs  is  obfervable  in  their  decompofition  or 

difox  igenation, 
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di fox igenat ion,  by  treating  them  in  a tempe- 
rature more  or  lefs  elevated,  which  is  always 
necelTary  for  that  purpofe,  together  with  bodies 
which  have  more  attraction  for  oxigen  than  the 
metals.  They  firft  yield  their  acidifying  por- 
tion, and  more  ftrongly  refill  the  feparation  of 
their  oxiding  portion. 

5.  A ftrong  light  produces  a commencement 
of  decompofition  in  lome  of  them,  by  difen- 
gaging  oxigen  gas.  Caloric  has  much  lefs 
power  in  decompofmg  them.  As  they  all  pof- 
fefs  the  form  of  fixed  powders,  they  are  rather 
difpofed  to  vitrification. 

6.  They  are  unchangeable  by  oxigen  gas, 
azote  gas,  and  atmofpheric  air.  Some  of  them 
are  deliquefcent. 

7.  All  combuftible  bodies  are  capable  of  de- 
eompofmg  them,  and  in  every  cafe  of  feizing 
the  acidifying  portion,  and  frequently  the 
oxiding  portion  of  their  oxigen.  This  decom- 
pofition mo  ft  commonly  requires  a large  quan- 
tity of  accumulated  caloric.  It  is  the  more 
eafy  in  that  cafe,  becaufe  molt  of  thefe  com- 
buftible bodies  act  by  double  attraction  upon 
the  metallic  acids  : in  fact,  one  portion  attracts 
the  oxigen,  while  another  portion  is  attracted 
by  the  metal.  Combuftible  bodies,  combined 
by  two  together,  aft  frill  more  fpeedily,  and 
frequently  at  the  firft  contabt,  and  even  with- 
out heat,  upon  thefe  acids.  Thus  it  is,  that 
fulphuratcd  hidrogen,  or  hydro-fulphurated 
water,  blacken,  and  tend  to  reduce  to  the  me- 
tallic 
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tallic ftate,  or  into  fulphurets,-  the  acids 
formed  by  the  metals* 

8.  Several  metais  am  one;  thofe  which  are  not 

O 

acidifiable,  are  capable  of  decompofing  the 
acids  here  treated  of  It  is  a proof  that  the 
acidifying  portion  of  their  oxigen  adheres  left 
ftrongly  than  the  oxiding  portion,  that  thefe 
metals  which  difacidify  them,  are  frequently 
unable  to  difoxide  therm 

9*  The  metallic  acids  in  general  are  much 
left  folublc  in  water  than  the  other  acids. 
When  diffolved,  they  communicate  their  acrid, 
rough,  and  metallic  tafte.  They  are  eafily  fe- 
parated  by  the  action  of  fire. 

10.  They  unite,  more  or  left  eafily,  with 
moft  of  the  metallic  oxides,  which  are  highly 
charged  with  oxigen.  In  this  hate  of  combi- 
nation  they  conftitute  a great  number  of  mine- 
rals, from  which  the  art  of  chemiftry  feparates 
them  by  means  of  many  of  the  preceding 
acids. 

11.  They  do  not  unite  but  with  difficulty, 
or  fcarcely  at  all,  with  the  greater  number  of 
thefe  acids.  When  not  completely  acidified, 
they  take  from  the  nitric  acid  in  particular  a 
portion  of  its  oxigen.  This  acid  is  moft  conn 
monly  ufed  with  advantage  to  convert  the 
oxides  of  thefe  metals  into  an  acid  ftate. 

12.  Befides  the  analogies  which  have  been 
fliown  between  the  metallic  acids  and  thofe  be- 
fore examined,  another  ftill  more  linking  ana- 
logy is  known  in  one  of  the  former,  and  perhaps 

it 
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It  may  alfo  be  obfervabie  in  moft  of  the  three 
others.  Between  its  ftate  of  oxide  and  that  of 
acid,  in  which  it  has  only  been  yet  known,  I 
diftinguifti  in  arfenic,  a modification  manifeft- 
ly  acid,  which  appears  to  be  to  the  arfenical 
acid  that  which  the  phofphoreous,  fulphureous, 
and  nitrous  acids  are  to  the  phofphoric,  fui~ 
phuric,  and  nitric  acids.  I lhall  defcribe  the 
ftate  in  the  particular  hiftory  of  the  metal. 


Article  XIII. 

Concerning  the  Muriatic  Acid . 

1.  After  the  acids  already  examined,  of  which 
the  nature  of ’[the  radical  and  the  proportion  of 
principles  are  well  known,  we  muft  place  the 
muriatic  acid  ; concerning  which  we  have  not 
acquired  fo  much  information  ; which  has  not 
yet  been  decompofed  or  compofed  ; but  which 
approaches  many  of  the  preceding  acids  in  its 
properties  and  attractions  ; fo  that  according 
to  every  method  of  arrangement,  it  cannot  but 
be  clalfed  along  with  them. 

52.  The  name  muriatic  acid  is  taken  from 
the  fubftance  which  moll  plentifully  affords 
it,  fea  fait,  marine  fait,  and  fait  water  ; mu - 
ria  of  the  Latins  : muyre , of  the  ancient 
French.  This  name,  taken  from  its  origin,  is 
given  to  it,  becaufe  its  radical  has  not  yet 

been 
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been  difcovered  in  nature.  Before  the  efla- 
blifhment  of  the  methodical  nomenclature,  it 
was  called  fpirit  of  fait,  marine  acid,  acid  of 
fait  : and  chemifts,  who  wrote  in  Latin,  had 
alfo  given  it  the  name  of  acidum  muriaticum , 
which  is  merely  tranflated  in  the  French  No- 
menclature. 

3.  The  muriatic  acid  exifts  abundantly  in 
nature,  and  appears  to  be  perpetually  formed 
in  the  waters  of  the  fea.  • Though  we  are  al~ 
moil  witneffes  of  this  formation,  we  are  yet 
unacquainted  with  the  principles  employed  by 
Nature,  the  proportion  in  which  the  combines 
them,  and  the  mode  itfelf  according;  to  which 
this  combination  is  effected.  It  is  always 
united  to  feveral  of  the  lalifiable  bafes,  which 
will  be  examined  in  'the  next  fection.  It  is 
thought,  neverthelefs,  to  exift  frequently  pure, 
and  in  vapour,  in  the  air  which  furrounds  the 
fea,  or  in  the  fea  water,  agitated  by  the  con- 
tinual  motion  of  the  waves,  and  conflantly  in 
a ftate  of  evaporation.  Some  obfervations  fecm 
to  give  authority  to  this  opinion,  which  is  not, 
however,  fupported  by  any  pofitive  fact. 

4.  This  acid  is  procured  only  by  feparating 
it  from  fea  fait  by  means  of  the  concentrated 
lulphuric  acid,  which  has  a ft  ronger  attraction 
for  the  bafe  of  the  fait  than  the  muriatic  acid 
itfelf  has.  As  this  acid  is  very  volatile,  and 
eafily  reducible  into  gas,  it  is  difengaged  with 
a lively  effervefcence,  and  may  be  obtained, 
either  in  the  form  of  an  elaflic  fluid,  or  that  of 

a liquid, 
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a liquid,  when  pure  and  cold  water  is  prefented 
to  this  gas,  which  abforbs  and  fixes  it.  Glau- 
ber, about  the  middle  of  the  feventeenth  cen- 
tury, fir  ft  difcovered  this  acid,  and  taught  us 
to  obtain  it  from  fea  fait  ; but  fmce  that  early 
period  the  art  of  obtaining  it  has  been  greatly 
improved.  It  is  only  fmce  the  modern  difcove- 
ries,  and  the  chemical  revolution  of  which  I have 
fpoken,  that  the  accurate  method  of  preparing 
it  has  been  known.  Before  that  fortunate  pe- 
riod tire  greater  part  of  this  acid  was  loft  in 
the  air,  as  the  details,  to  which  we  fhall  pro- 
ceCd,  fufficiently  prove.  Though  the  muriatic 
acid  is  frill  one  of  the  leaft  known,  we  have 
acquired  accurate  notions  refpeéiing  its  attrac- 
tion and  properties,  by  the  fucceffive  inquiries 
of  a great  number  of  chemifts.  It  is  particu- 
larly afcertaincd,  that  this  acid  has  no  con- 
nection with  the  fulphuric  acid,  either  in  its 
origin  or  its  nature  ; which  was  thought  to  he 
its  hafis,  at  the  commencement  and  even  as 
late  as  the  middle  of  the  eighteenth  century, 
nor  with  the  phofphoric  acid,  which  Stahl  af- 
firmed to  be  abfolutely  of  the  fame  nature. 
Though  we  do  not  yet  know  what  it  is,  we 
have  at  leaft  afeertained  the  means  of  deter- 
mining what  it  is  not,  and  thus  overthrowing 
an  error  of  loim  handing, 

o o 

5.  The  muriatic  acid,  prepared  or  extracted 
by  the  method  we  fhall  deferibe,  exifts  in  two 
fiâtes,  as  I have  before  pointed  out,  either  in 
the  form  of  gas  or  of  liquid  ; in  this  laft  ftatp 
Vo  l.  II.  L 
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it  combined  with  water  ; under  the  firft  ftate, 
it  is  diffolved  in  caloric.  We  mult  attend  to 
it  under  each  of  thefe  conditions,  beginning 
with  the  gas  in  which  it  exifts  moft  pure,  and 
thence  palling  to  the  liquid  ftate,  which  is 
more  eafily  preferved,  and  in  which  i t is  in  oft 
frequently  employed  in  the  operations  of  che- 
miftry. 

6.  The  gafeous  muriatic  acid  differs  little  in 
appearance  from  the  air  of  the  atmofphere  ; 
neverthelefs  it  is  almoft  always  flightly  vifible 
in  the  form  of  a vapour,  on  account  of  the  water 
which  it  conftantly  retains  in  folution.  Its 
fpecific  gravity  is  twenty  parts  in  the  hundred 
greater  than  that  of  air;  the  cubic  inch  weigh- 
ing 0,66  of  a grain,  whereas  the  air  of  the  at- 
mofphere weighs  only  0,46.  Its  fmell  is  ftrong, 
penetrating,  acrid,  acid,  ftimulating  the  eyes 
and  the  throat,  and  in  a certain  degree  refem- 
bling  the  fmell  of  the  apple  called  the  renet, 

or  that  of  faffron.  Its  tafte  is  very  four  and 

«/ 

lirons;.  It  extinguiflies  lighted  candles,  eiviim* 
to  the  flame  a bright  green  colour,  and  ftu- 
pifies  and  fpeedily  deftroys  animals  which  re- 
fpire  it.  It  even  a6ls  upon  the  fkin,  which  it 
reddens  without  corroding,  burning,  or  even 
permanently  colouring  it  like  the  fulphuric 
and  nitric  acids.  It  changes  a great  number 
of  blue  vegetable  colours  to  red,  and  adds  to 
the  livelinefs  of  thole  which  already  poffefs 
hat  tinge. 
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7*  Muriatic  acid  gas  retraits  the  light  ftrong- 
ly,  but  is  not  altered  by  its  conta6i.  It  is  ra- 
refied by  caloric  without  changing  its  nature, 
however  great  the  quantity  may  be  which  is  ac- 
cumulated. When  this  gas  has  palled  through 
ignited  tubes  of  porcelain,  it  undergoes  no  al- 
teration but  continues  to  exhibit  the  fame  pro- 
perties as  before. 

8.  It  docs  not  act  in  any  manner  upon  ox- 
igen  gas,  but  may,  neverthelefs,  abforb  oxigen 
in  the  folid,  or  liquid  ftate,  as  will  hereafter  be 
Ihown.  When  brought  into  contadl  with  the 
atmofpheric  air,  it  immediately  allumes  the 
form  of  a white  fume,  denfe,  and  heavy,  at  the 
fame  time  that  it  emits  heat  round  the  point 
where  it  is  condenfed.  This  effeft  is  owing  to 
the  water  of  the  atmofphcre  which  it  condenfes, 
and  with  which  it  combines. 

q.  It  has  no  aétion  on  azote,  hidrogen,  car- 
bon, phofphorus,  fulphur,  the  diamond,  and  in 
general  all  combuftible  bodies.  Charcoal,  as  a 
porous  body,  abforbs  and  condenfes  it,  as  do 
likewife  fponges,  cork,  foft  wood,  & c.  It  is  in 
confequence  of  this  mutual  inaction  between 
combuftible  bodies  and  muriatic  acid,  that  the 
nature  of  this  acid  has  not  been  yet  afeertained  ; 
for  it  is  known  that  the  deeompofition,.  effected 
by  this  clafs  of  bodies,  has  afforded  the  means 
of  determining  the  compolition  of  the  other 
acids. 

10.  Metals  undergo  no  alteration  on  the 
part  of  the  muriatic  acid  gas,  excepting  fo  far  as 
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this  gas  holds  water  in  folution.  In  this  cafe, 
in  confequence  of  the  tendency  of  the  acid  itfelf 
to  unite  with  the  metallic  oxides,  and  the  pre- 
difpofing  attraélion  which  it  exercises,  it  fa- 
vours the  decompontion  of  the  water  by  the 
metals,  and  combines  with  them  after  they  are 
oxided. 

1 1.  The  muriatic  acid  gas  has  much  attrac- 
lion  for  water.  When  a fmall  piece  of  ice  is 
put  into  this  gas,  it  melts  immediately,  becomes 
hot,  and  condenfes  the  gas.  It  is  evident  that 
all  experiments  with  the  muriatic  acid  gas 
mult  be  made  over  mercury,  becaufe  water  will 
abforb  it.  If  four  parts  of  ice  be  fufed  with 
one  part  of  muriatic  acid  gas,  cold  is  produced 
during  the  fufion.  This  phenomenon  is  owing 
to  the  fame  caufe  which  produces  it  with  the 
fulphuric  and  the  nitric  acids.  Liquid  water 
fpeedily  abforbs  muriatic  acid  gas.  It  becomes 
heated  in  the  fame  proportion  : there  are  even 
80  degrees  of  temperature  produced  in  this  ex- 
periment. At  this  period,  the  gas  is  no  Iqnger 
fixed,  and  its  abforption  cannot  recommence 
until  the  temperature  is  fufficiently  diminifhed. 
Water  diffolves  nearly  its  own  weight  of  this 
gas,  and  becomes  almoft  the  double  its  original 
hulk.  This  combination  is  the  liquid  or  com- 
mon muriatic  acid,  the  properties  of  which  we 
fhall  fpeedily  examine. 

12.  The  metallic  oxides  abforb  the  muriatic 
acid  gas,  and  form  with  it  peculiar  faits  here- 
after to  be  defcribed. 

IS.  Though 
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13.  Though  the  muriatic  acid  poffeffes  more 
ftrength  than  the  carbonic,  phofphoric,  phof- 
phoreons,  and  fulphureous  acids,  it  does  not 
expel  thefe  acids  from  their  bafes  when  it  is  in 
the  form  of  gas,  unlefs  the  combinations  of 
thole  acids  be  dilfolved  in  w^ater,  which  begins 
by  diffolving  the  gas,  fo  that  the  decompofition 
is  effected  by  the  liquid  acid. 

xJ  1 / • 

” 14.  The  muriatic  acid  gas  is  fpeedily  abforb- 
ed  by  the  nitric,  from  which  it  feizes  the  acidi- 
fying portion  of  its  oxigen,  fo  as  to  reduce 
it  . to  the  ftate  of  the  oxide  of  azote,  but  it 
does  effect  this  dif-acidification  of  the  nitric 
acid  but  in  a limited  manner,  and  until  that 
acid  is  faturated  with  the  oxide  of  azote  which 
it  contains.  We  fhall,  hereafter,  treat  of  this 
combination  which  is  ufually  made  with  the 
liquid  acids. 

15.  Few  of  the  operations  of  chemiftry  are 
made  with  the  gafeous  muriatic  acid.  It  is 
much  more  convenient  to  employ  this  acid  in 
the  liquid  ftate,  or  diffolved  in  water  \ whence 
it  becomes  neceffary  to  compare  this  acid  fo 
liquefied  to  the  fame  acid  in  the  gafeous  ftate. 
When  water  is  charged  with  as  much  of  the  mu- 
riatic acid  o;as  as  it  can  diffolve,  it  forms  a 

o J 

liquid  of  which  the  fpecific  gravity,  compared 
with  that  of  water,  is  as  12  to  10.  This  acid  is 
clear  and  colonrlefs  ; it  emits  a white  vapour,  or 
fume,  fimilar  to  that  formed  by  mixture  of  the 
acid  gas  with  the  humid  air,  and  its  fmell  is  the 
fame. 


16.  The 
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lb.  The  muriatic  acid,  for  this  is  the  term  by 
which  it  is  diftinguiihed  in  the  liquid  ftate,  is 
not  altered  by  light  Caloric,  when  applied, 
difengages  the  gas.  The  laft  portion  adheres 
with  fufficient  ftrength  to  refill  reparation  with 
confiderable  force. 

17.  The  muriatic  acid  abforbs  neither  oxigen 
nor  azote  gas,  We  fliall  foon  obfcrve,  that  it 
abforbs  oxigen  in  the  folk!  ltate,  fo  as  to  be- 
come faturated.  By  expofure  to  the  air,  this 
acid  emits  the  white  fumes  which  refult  from 
its  union  with  water,  and  which  feparates  a fuf- 
flcient  quantity  of  caloric  from  the  air,  to  pro- 
duce a fenfible  heat  in  the  hand  when  placed 
over  a vçffel  full  of  this  fuming  acid  at  the  mo- 
ment of  opening  it. 

18.  The  liquid  muriatic  acid  has  no  more 
action  on  hidrogen,  carbon,  fnlphur,  and  the 
diamond,  than  the  acid  gas  itfelf.  It  di doives 
fuch  metals  as  are  capable  of  decompofing  wa- 
ter, which  it  renders  ftill  more  fufceptible  of 
that  operation  ; fo  that  when  it  acts  on  a me- 
tal there  is  conftantly  a di  rengagement  of  hi- 
drogen more  or  lefs  pure. 

iq.  It  unites  with  water  in  all  proportions 
and  difengages  a portion  of  caloric.  It  is 
weakened  by  this  union,  and  foon  ceafes  to 
emit  fumes,  becaufc  the  adhering  acid  no  longer 
tends  to  allume  the  form  of  gas  with  fpeed  and 
energy. 

20.  It  a6ts  in  a very  different  manner  from 
the  gas  upon  the  metallic  oxides.  In  general 

it 
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it  dilfolves  them  better  than  the  other  acids, 
and,  on  this  account,  it  is  ufed  in  laboratories 
to  wafh  veffels  foiled  by  thefe  oxides.  In  pro- 
portion as  it  tends  to  unite  with  them,  it  fepa- 
rates  from  a great  number  of'them,  a portion  of 
oxigen,  with  which  part  of  the  acid  combines 
and  forms  the  oxigenated  muriatic  acid,  to  be 
examined  in  the  following  article.  The  com- 
binations of  this  liquid  acid  with  the  oxides, 
more  or  Ids  charged  with  oxigen,  are  frequently 
volatile  and  fufible.  They  will  be  treated  un- 
dew the  article  of  metals. 

21.  The  muriatic  acid  expels  the  carbonic 
acid  with  effervelcence,  from  its  combinations  ; 
it  is,  likewife,  ftronger  than  phofphoric  acid,  in 
the  humid  way,  to  which  it  frequently  yields  its 
bafis  in  the  dry  way.  The  fulphuric  acid,  pof- 
feffing  greater  ftrength,  feparates  it  from  its 
compounds,  even  from  its  union  with  water,  but 
the  muriatic  acid  expels  the  fulphureous  acid 
from  this  liquid. 

22.  With  regard  to  the  nitric  acid,  one  of  the 
rnoft  decided  and  molt  remarkable  properties  of 
the  muriatic  acid,  is  its  mode  of  adtion  with  that 
acid.  Thefe  two  bodies  are  fcarcely  brought 
into  contact  before  they  penetrate,  become 
ftrongly  heated,  effervefee,  exhibit  a yellow  or 
red  colour,  and  form  a mixed  acid  which  an- 
fwers  a great  many  purpofes  not  poffible  to  be 
accomplilhed  by  either  of  the  acids  fingly. 
This  mixed  acid  was  formerly  denominated  aqua 
regia , becaufe  it  was  found  to  be  capable  of  dif- 

folviim 

O 


MURIATIC  ACID., 


iblvinof  orold  which  was  then  called  the  king  of 
metals.  It  is,  at  p refen t,  denominated  the  ni- 
tro-muriatic  acid.  It  is  not,  however,  a fimple 
mixture  of  the  two  acids,  as  was  thought  before 
the  eftablifhment  of  the  pneumatic  doctrine. 
Thefetwo  bodies,  at  the  moment  of  their  union, 
mutually  act  on  each  other  by  a double  attrac- 


tion, that  of  the  muriatic  acid  for  oxigen 


and  that  of  the  nitrous  acid  for  the  nitrous  gas, 


or  the  oxide  of  azote.  Its  effect  enables  the 


former  to  feize  a portion  of  the  oxigen  of  the 
latter,  and  that  portion  of  the  muriatic  acid 
which  is  thus  oxigenated,  becomes  difengaged 
with  effervefcence  in  yellow  fumes.  The  unde- 
compofcd  nitric  acid  abforbs  the  nitrous  gas  of 
its  dif- acidified  part,  and  when  it  is  fat  united 
the  aft  ion  ceafes.  This  is  the  caufe  of  the  co- 
lour of  the  mixed  acid,  and,  hence  it  is,  that 
when  the  addon  is  once  terminated  between 
them,  the  refidue  conflits  of  muriatic  acid  mix- 
ed with  nitrous  acid,  which  it  retains  with  con- 
fiderable  force.  We  ihall,  hereafter,  fee  in  what 
manner  this  lingular  mixture  acts  in  the  metal- 
lic folutions  it  produces.  We  muff  already  de- 
duce, that  there  would  be  no  adtion  between  the 
muriatic  acid,  and  the  faturated  nitrous  acid  ; 
but  that  the  nitrous  vapour  jnuft  be  abforbçd  by 
this  acid,  and  immediately  form  nitro-muriatic 
acid,  or  the  aqua  regia  of  the  ancient  chemifts* 
23.  A moll  remarkable  difference  between 


the  muriatic  acid  and  all  the  preceding  acids, 
truly  confifts  in  the  abfolute  ignorance  we  are 
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in  refpeSHng*  its  intimate  nature,  on  account  of 
the  well-known  impoffibility  of  its  decompo- 
fition.  We  might,  therefore,  rank  it  among 
the  undecompofed,  or  iimple  bodies,  if  by  the 
rules  of  analogy,  which  muft  direct  our  opinions 
before  they  arc  fixed  by  experiment,  we  had  not 


reafon  to  infer  that  this  acid  is  conftituted  like 
all  the  others.  Many  modern  chemifts  have, 
therefore,  prefumed,  that  the  muriatic  acid  is  a 
compound  of  an  unknown  radical  with  oxigen  ; 


that  this  muriatic  radical  is,  of  all  bodies,  that 
whiqh  has  the  ftrongeft  attraction  for  the  acidi- 
fying principle,  and,  on  that  account,  no  other 
combuftible  can  feize  tills  principle,  or  de'com- 
pofe  the  acid.  But,  it  muft  be  admitted,  that 
though  this  conclulion  is,  in  a certain  degree, 
fedudtive,  and  prefents  a regularlity  of  theory, 
it  is,  neverthelefs,  a pure  hypothefis.  It  is  true, 
that  the  afafolute  denial  of  the  prefence  of  ox- 
igen, and  its  union  with  the  combuftible  radical 
in  this  cafe,  would  alfo  be  an  hypothefis.  Hi- 
drogen  has  been  fuppofed  to  be  the  muriatic- 
radical,  and  that  this  acid  differs  from  water, 
which  is  the  oxide  only,  by  a greater  propor- 
tion of  oxigen  ; but  this  theory  is  very  far  from 
being  yet  proved. 


24.  The  ufes  of  the  muriatic  acid  are  very  nu- 
merous; it  poffeffes,  as  a medicine,  the  cathartic 
property  when  concentrated,  and  is  cooling, 
antifeptic,  and  diuretic,  when  diluted  with  wa- 
ter. It  is  ufed  to  purify  places  infected  by  pu- 
trid vapours,  A number  of  the  arts,  more  par- 
ticularly 
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ticularly  thofe  which  relate  to  the  metals,  de- 
pend on  the  ufe  of  this  acid.  Its  numerous  ap- 
plications will  be  regularly  and  gradually  feen 
in  all  the  articles  which  follow. 


Article  XIV. 

Concerning  the  oxigenated  Muriatic  Acid , 

o o 

1.  THE  muriatic  acid  differs  alfo  greatly 
from  other  acids,  in  the  property  it  has  of  ab- 
forbing  liquid,  or  folid  oxigen,  or  rather  the  feiz- 
ing  it  from  a great  number  of  combinations, 
than  even  by  the  impoffibility  of  its  decompoff- 
tion.  This  property  of  becoming  oxigenated 
feems  to  approach  combuftible  bodies,  and  to 
ihow  either  that  it  does  not  itfelf  contain  ox- 
igen, or  that  it  is  not  faturated  with  that  prin- 
ciple. This  character  of  abforbing  oxigen,  and 
burning  like  a fpecies  of  combuftible,  has  in- 
duced fome  modern  chemifts  to  fuppofe  that  it 
may  belong  to  another  genus  of  acid  bodies, 
different  from  the  eleven  other  fpecies. « — That 
this  new  genus  may  comprehend  acids  not  burn- 
ed, not  oxigenated,  and  void  of  the  acidifying 
principle,  that  is  to  fay,  which  do  not  depend 
upon  this  principle  for  their  acidity.  But  this 
opinion,  which  is  itfelf  an  hypothefis,  does  not 
impair  the  theory  explained  refpedting  the  ele- 
ven 
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yen  former  fpecies  of  acids  described  in  the  pre- 
ceding articles. 

2.  The  oxigenated  muriatic  acid  is  a new 
acquifition  for  chcmifts,  It  was  firft  difeovered 
by  Scheele,  who  named  it  the  dephlogifticated 
marine  acid.  I afterwards  propofed  the  expref- 
fion  of  aerated  muriatic  acid,  and  the  terms  ox- 
igenated acid,  were  afterwards  adopted  in  the 
methodical  nomenclature.  Citizen  Berthollet 
has  adejed  much  to  the  difeovery  of  Scheele. 
and  thrown  great  light  on  the  nature  and  pro- 
perties of  this  acid.  I have  alfo  myfeif  made 
fome  additions  to  their  laft  difeoveries. 

3.  The  oxigenated  muriatic  acid  is  no  where 
found  difengaged  in  nature  : it  is  even  doubtful 

O O 

whether  it  exifts  in  a Hate  of  combination, 
though  this  is  not  impoffible.  It  is  prepared, 
or  fabricated,  by  throwing  the  muriatic  acid 
fomewhat  concentrated  upon  certain  metallic 
oxides  ; or  otherwife,  by  difengaging,  by  means 
of  the  fulphuric  acid,  the  muriatic  acid  from 
marine  fait  previoutly  mixed  with  one-fourth 
of  its  weight  of  oxide  of  manganefe.  I have 
difeovered  the  fame  property  of  oxigenating 
the  muriatic  acid  in  feveral  other  metallic  ox- 
ides, as  I fli all  fhow  in  the  particular  hiftory  of 
the  metals. 

4.  As  foon  as  the  muriatic  acid  comes  into 
contact  with  the  oxide,  it  forms  a greenilh-yel- 
low  vapour  of  a very  acrid  fmell,  which  may 
be  collected  either  in  the  form  of  gas,  by  caui- 
ing  it  to  pafs  fpeedily  through  a lmall  volume 

of 
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of  water,  or  in  the  form  of  liquid,  by  fuffering 
it  to  remain  long  in  contact  with  water  cooled, 
and  placed  in  a veifel  of  fufficient  height,  that 
its  preffure  may  accelerate  the  abforption  of  the 
vapour.  The  properties  of  the  gas,  and  that  of 
the  liquid  oxigcnated  muriatic  acid,  muft  be 
fucceflively  defcribed. 

5.  The  oxigenated  muriatic  acid  gas  is  diftin- 
guillied  from  all  the  elaftic  fluids  by  its  }rel~ 
low-green  colour,  its  fuffo  eating  odour,  and  its 
acrid  and  ftyptic  talte.  Its  action  on  the  note 
and  throat  of  thofe  who  refpire  it,  is  alfo  one  of 
its  moft  remarkable  characters. 

It  thickens  the  liquids  of  thofe  organs  in  a 
manner  which  perfectly  refembles  what  takes 
place  in  colds,  and  is  followed  by  an  abundant 
expectoration.  It  maintains  the  comhuftion  of 
lighted  candles,  to  the  flame  of  which  it  gives  a 
red  colour,  on  account  of  the  vapour  of  water 
formed,  and  environing  it.  Inftead  of  reddening*, 
it  deftroys  many  blue  vegetable  colours,  and 
alfo  difcolours  flowers,  leaves,  barks,  and  caufes 
them  to  become  white,  frequently  with  a flight 
fhade  of  yellow.  We  fhall,  hereafter,  fee,  that 
on  account  of  this  property,  it  is  fuccefsfully 
ufed  in  the  bleaching  of  piece  goods,  &c. 

6.  Light  and  caloric  do  not  caufe  any  change 
in  this  gas  : it  may  be  palled  through  a red-hot 
tube  without  changing  its  nature. 

7.  It  has  no  a&ion  upon  oxigen,  or  azote 
gas,  on  which  account,  it  mixes  with  the  air 
without  producing  any  change  in  its  proper 

nature, 
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nature,  only  as  it  has  much  action  on  all  the 
odorant  vegetable  and  animal  bodies,  the  pu- 
trid vapours,  which  affect  the  air  in  many 
places,  muff  be  deitroyed  by  its  mixture,  oil 
which  account  I have  propofed  it  to  deftroy 
infedtion  in  priions,  hofpitals,  ihips,  &c. 

8.  It  has  no  action  on  hidrogen  gas  in  the 
cold,  but  in  an  ignited  tube  it  burns  it  with 
detonation. 

9.  It  inflames  phofpliorus,  and  changes  it  into 
very  dry  phofphoric  acid  : it  alfo  burns  phofpho- 
rated  hidrogen,  and  even  renders  gas  of  this 
kind  inflammable,  which  is  not  fo  in  the  air. 

10.  Melted  fulphur  plunged  in  this  gas  takes 
lire,  and  affords  fulphuric  acid.  It  decompofes 
iulphurated  hidrogen  gas  without  inflammation, 
and  precipitates  the  fulphur  while  the  hidrogen 
is  flowly  burned.  It  even  burns  the  fulphur  of 
hidro-f ulphuret  diffolved  in  water,  and,  by  this 
means,  converts  it  into  fulphuric  acid  in  the 
midft  of  that  cold  liquid. 

11.  It  has  no  action  on  carbon,  either  hot  or 
cold,  and  favours  its  combuftion  fo  little,  that 
when  a mixture  of  equal  volumes  of  carbonated 
hidrogen  gas  and  oxigenated  muriatic  acid  are 
mixed  together,  a combuftion  of  the  hidrogen 
takes  place  alone,  and  the  carbon  falls  down. 
There  is  even  a circumffance  dependent  on  the 
proportion  of  the  oxigenated  muriatic  acid  gas 
added  to  the  carbonated  hidrogen,  by  which  fo 
far  from  burning  the  carbon,  this  addition  con- 
verts 
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verts  it  together  with  the  hidrogen  into  a true 

O O 

oil,  as  will  elfe  where  be  fliown. 

] 2.  It  has  no  action  upon  the  diamond  in  the 
cold  ; but  when  this  body,  well  ignited  by  fire, 
is  thrown  into  the  oxigenated  muriatic  acid 
gas,  it  takes  fire,  and  affords  carbonic  acid  gas 
according  to  Lampadius,  profellor  of  chemiftry, 
at  Prague. 

13.  The  oxigenated  muriatic  acid  gas  burns 
all  metallic  fubftanees,  and  even  lets  fire  to 
fome  of  them.  Tins  fa  fit  ihows  that  flame  is  a 
property  common  to  all  combuftible  bodies,  and 
depends  only  on  certain  conditions  in  tlie  com- 
bullion.  It  is  onj}r  required  that  thefe  metals 
iliould  be  thrown  in  fine  filings,  or  powder, 
into  the  oxigenated  muriatic  acid  gas,  in  or- 
der that  they  may  take  fire  inftantly  ; and  the 
fame  obfervation  is  true  of  the  metallic  fub 
phurets  and  phofphurets.  The  metals  thus 
burned  by  the  oxigenated  muriatic  acid  gas  are 
more  particularly  thole  of  which  the  oxides  do 
not  yield  their  oxigen  to  the  muriatic  acid. 
Though  fome  of  thole  which,  give  out  part  of 
their  oxigen  to  this  acid,  are  capable  of  taking 
fire  in  the  oxigenated  muriatic  acid  gas,  they  do 
not  become  oxided  but  in  a very  fmall  degree. 
Under  thefe  circumftances,  they  are  very  far 
from  being  carried  to  the  maximum  of  oxida- 
tion, neceffary  to  render  them  capable  of  oxige- 
nating  the  muriatic  acid.  This  circumftance, 
like  many  other  fads,  alfo  depends  on  the  va- 
rious attraction  ot  the  different  portions  of  ox- 
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igen  for  the  metals,  and  for  all  combuftible  fub- 
ftances  in  general. 

O « 

14.  Water  abforbs  and  condenfes  the  oxige- 
nated  muriatic  acid  gas  much  lefs  than  it  does 
of  the  ordinary  muriatic  acid  gas.  During  its 
tranfition  through  this  liquid,  the  oxigenated 
muriatic  acid  gas  is  in  part  diffolved,  and  be- 
comes liquefied.  Preffure  and  a low  tempera- 
ture is  neceflary  to  faturate  the  water.  The 
hiftory  of  the  liquid  oxigenated  muriatic  acid 
will  be  refumed  in  the  fucceeding  pages. 

15.  Mam  y metallic  oxides  abforb  the  oxige- 
nated muriatic  acid  gas.  None  of  the  oxides 
refule  this  abforption,  but  thofe  which  poifefs 
the  maximum  of  oxigen.  Very  acid  and  very 
cauftic  metallic  faits  are  thus  formed,  which 
will  be  hereafter  deferibed. 

1 6.  The  carbonic  acid,  which  is  weaker  than 
the  oxigenated  muriatic  acid  gas,  is  difengaged 
from  its  combinations  by  this  gas,  which  takes 
its  place,  and  gives  to  the  former  the  gafeous 
form  during  its  difengagement.  It  docs  not 
act  upon  pholphoric  acid  or  its  combinations. 
It  b urns  a portion  of  the  pholphoric  acid  con- 
tained in  the  phofphoreous  acid,  and  converts 
it  into  pholphoric  acid. 

17.  It  produces  no  alteration  in  the  fulphuric 
acid,  which  is  much  more  powerful  than  itfelf  ; 
it  burns  the  fulphur  of  the  fulphureous  acid, 
and  changes  it  into  fulphuric  acid.  Sulphu- 
reous acid  gas  palled  into  oxigenated  muriatic 

acid 
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acid  gas,  forms  a white  very  de  life  fume,  which 
is  precipitated  in  the  form  of  fuîphuric  acid. 

18.  It  does  not  alter  the  nitric  acid  in  any 

refpect,  nor  the  nitrous  acid,  which  it  fhould 
* 

feem,  neverthelefs,  it  ought  to  convert  into 
nitric  acid,  becaufe  it  changes  nitrous  gas  into 
red  vapour.  In  order  to  form  a right  notion 
of  thefe  two  effects  apparently  contradictory, 
we  muft  recollect,  that  oxigen  gas,  which  red- 
dens and  condenfes  nitrous  gas,  has  no  action 
on  the  nitrous  vapour  ; that  oxigen  gas  never 
changes  nitrous  gas  into  nitrous  acid,  but 
merely  into  the  ruddv  nitrous  vapour;  that  is 
to  fay,  into  nitric  acid,  faturated  with  nitrous 
gas  ; and  that  having  thus  converted  a portion 
of  the  nitrous  gas  into  nitric  acid,  which  dif- 
folves  the  whole  remaining  mafs  of  this  lafe 
gas,  and  forms  a red  vapour;  the  oxigen  gas 
is  not  capable  of  producing  any  farther  altera- 
tion. We  may  alio  explain  this  phenomenon 
in  a Angle  word,  by  obferving  that  nitrous  gas 
has  more  attraction  for  nitric  acid  than  for 
oxigen.  The  oxigenated  -muriatic  acid  gas 
acts,  therefore,  in  the  fame  manner  as  oxigen, 
whether  with  the  nitrous  gas  or  nitrous  acid. 

Ip.  Oxigenated  muriatic  acid  gas  is  driven 
from  water,  and  its  combinations  by  the  mu- 
riatic acid  gas,  on  which  account  it  frequently 
happens  in  the  operations,  in  which  a number 
of  bottles  of  Wolfe’s  apparatus  are  ufed  for  the 
diftillation  of  the  muriatic  acid  abforbed  by 
water  in  thefe  bottles;  that  the  Aril,  which 

alfumcs 
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kflumes  a yellowifli  colour  by  receiving  a final! 
portion  of  the  oxigenated  muriatic  acid  (form* 
ed  at  the  ex  pence  of  a flight  portion  of  oxide 
of  iron  contained  in  the  marine  acid),  becomes 
white  when  the  pure  muriatic  acid  approaches, 
and  drives  off  the  oxigenated  muriatic  acid  ; 
which  laft  frequently  pafles  into  the  water  of 
the  fécond  bottle,  and  colours  it.  This  is  an 
effect  hitherto  unexplained  by  any  chemift, 
though  it  is  frequently  obferved  in  the  decom- 
pofltion  of  marine  fait  by  the  fulphuric  acid  in 
the  apparatus  of  Wolfe. 

£0.  The  ufes  of  the  oxigenated  muriatic  acid 
gas,  are  only  relative  to  chemical  refearches, 
and  fome  experiments  of  inquiry  in  our  labora- 
tories. It  occupies  too  much  fpace,  and  its 
adtion  is  too  weak  upon  cold  bodies,  and  at 
the  fame  time  too  ftrong  and  dilagreeable  upon 
the  organs  of  refpiration,  to  admit  of  its  being 
employed  in  the  gafeous  form  in  worklhops 
or  manufactories.  It  is  moft  commonly  ufed 
in  the  Arts,  and  even  in  Chemiftry,  in  the  li- 
quid form,  to  which  we  fhall  immediately 
proceed. 

21.  We  have  already  feen,  that  by  receiving 
the  oxigenated  muriatic  acid  gas  in  proportion 
as  it  is  formed  into  pure  cold  water,  by  means 
of  a veffel . fufficiently  capacious  and  high  to 
favor  the  abforbtion  of  the  gas  by  its  preflu  re, 
a liquid  oxigenated  muriatic  acid  is  obtained. 
When  this  water  is  furrounded  with  ice,  as  is 
done  in  chemical  laboratories,  it  not  only  be* 
Vo  L»  IL  M comes 
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comes  faturated  with  the  gas,  but  the  gas  it- 
fe If  foon  becoming  faturated  with  water,  crys- 
tallizes at  the  furface,  and  even  at  the  bottom 
of  the  fluid,  in  the  form  of  hexahedral  plates 
of  a brilliant  greenifh-white.  This  folid  acid 
fpeedily  lofes  its  cryflalline  ftate,  and  quickly 
paffes  to  the  ftate  of  gas,  when  the  bottle  which 
contains  it,  beneath  the  faturated  liquid,  is 
expofed  to  a temperature  fomewhat  higher  than 
that  of  ice  ; fo  that  in  proportion  as  it  is  fufed, 
it  paffes  through  the  faturated  liquid,  in  which 
it  can  be  no  longer  fixed,  and  expands  itfelf 
above  in  the  form  of  a greenifh-yellow  gas. 

22.  The  concentrated  muriatic  acid  in  the 
liquid  ftate,  or  water  faturated  with  the  oxi- 
genated  muriatic  acid  gas,  is  fcarcely  more 
heavy  than  di hilled  water  ; its  colour  is  green- 
ifh-yellow  ; its  fmell  flrong,  acrid,  and  fuf- 
ocating;  its  tafle  rough,  fliarp,  aftringent,  im- 
mediately condenfmg  the  fluids  of  the  mouth 

-'1 

and  throat,  ftrongly  attacking  the  nafal  cavi- 
ties, into  which  it  may  happen  to  be  convey- 
ed, and  is  not  to  be  tailed  without  danger.  It 
may  be  diluted  with  a large  quantity  of  water, 
which  weakens  it,  and  leaves  only  a rough  dif- 
agreeable  talk,  when  it  is  applied  to  the  tongue, 
or  taken  as  medicine. 

23.  This  acid  does  not  redden  the  blue  co- 
lours of  turnfole,  the  violet,  &c.  but  it  imme- 
diately deftroys  them,  as  well  as  moft  other  ve- 
getable flxades.  There  are  only  the  yellow, 
which  it  does  not  attack  in  this  flate  of  con- 
centration,, 
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centration.  It  at  the  fame  time  alters  the  form 
and  nature  of  the  vegetable  texture,  as  well  as 
thofe  of  the  organs  of  animals,  on  the  colour 
of  which  it  has  lefs  influence  than  upon  that 
of  plants.  It  cannot,  therefore,  be  ufed  of  this 
ftrength  either  for  bleaching*  or  as  a medicine, 
except  in  fome  cafes  of  external  difeafe. 

24.  When  expofed  to  the  light  of  the  folar 
rays,  this  acid  is  decompofed,  lofes  its  colour, 
fuffers  oxigen  gas  to  efcape,  and  paffes  again 
to  the  ftate  of  muriatic  acid,  and  in  this  man- 
ner affords  about  a fifth  part  of  its  volume,  or 
the^  fixth  of  the  weight  of  the  acid  contained 
in  the  water,  of  oxigen  gas.  We  have  feen 
that  when  it  is  of  agafeous  form,  light  does  not 
decompofe  it  in  the  fame  manner  ; heat  difen- 
gages  the  acid  in  the  form  of  gas,  without  de- 
compofing  it,  or  occafioning  any  perceptible 
feparation  of  oxigen  gas. 

25.  It  does  not  combine  with  oxiffen  gas, 
nor  with  azote,  nor  their  bafes,  at  any  tempe- 
rature, or  in  any  manner  in  which  they  can  be 
prefented  to  each  other.  In  the  air  it  lofes 
little  of  its  acid,  which  neverthelefs  efcapes, 
though  very  ilowly,  emitting  for  a long  time 
an  infupportable  foetid  odour, 

2 6.  The  oxigenated  muriatic  acid  exerts  no 
adtion  upon  hidrogen  gas;  it  burns  hidrogen  in 
many  of  its  combinations;  it  burns  phofphorus 
alone,  if  its  adtion  be  affifted  by  that  of  light, 
in  which  manner  the  phofphoric  acid  may  be 
prepared,  but  then  it  is  extremely  weak,  and 
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diluted  with  water,  on  account  of  the  fparing 
folubility  of  the  oxigenated  muriatic  acid.  It 
decompofes  phofphorated  hidrogen  gas,  of 
which  it  burns  the  hidrogen,  affording  a white 
fume  without  flame,  from  winch  the  phof- 
phorus  falls  down  without  taking  fire.  It  does 
not  perceptibly  act  upon  fulphur  in  fragments, 
or  in  powder  ; but  it  changes  it  into  fulphuric 
acid  when  the  fulphur  is  very  much  divided 
and  diffolved  in  water,  as,  for  example,  in  the 
fulphureous  waters.  It  completely  burns  both 
the  principles  of  fulphurated  hidrogen  gas  ; the 
oxigenated  muriatic  acid  gas  alone  precipitates 
the  fulphur.  It  does  not  burn  carbon,  but  it 
rather  feparates  and  precipitates  it  from  its 
combinations,  by  burning  the  hidrogen.  It 
does  not  aét  upon  carbonated  hidrogen  gas, 
nor  upon  the  diamond. 

27.  It  a6ts  upon  all  the  metals  ; none  of 
them  refills  the  influence  of  the  oxigen  it  con* 
tains,  which  tends  to  be  fepa rated  with  eafe. 
This  is  the  reafon  why  it  oxides  and  diffolves 
gold  and  even  platina,  a metal  fo  difficult  to 
be  oxided,  as  I fhall  elfewhere  fliow.  It  forms 
with  them  faits,  either  fohible  or  infolublfe, 
which  are  Ample  muriates,  beeaufe  its  oxigen 
pevioufly  combines  with  the  metals. 

28.  It  unites  eafily  with  water,  which  only 
dilutes  and  weakens  it,  without  changing  its 
nature  or  properties,  but  limply  diminiihes 
its  energies  and  the  promptitude  of  Its  effeëfe* 

Hence 
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Hence  it  is,  that  it  is  diluted  with  water  in  moil 
manufactories  and  for  medical  ufe. 

29.  It  unites  with  a great  number  of  metallic 
oxides  ; fometimes  it  dilfolves  and  renders  them 
volatile,  but  in  other  inftances  it  does  not* 
Some  are  fo  highly  oxided,  that  they  undergo 
no  alteration  by  this  treatment.  Such  in  ge- 
neral are  thofe  oxides  which  convert  the  mu- 
riatic acid  into  oxigenated  muriatic  acid  gas. 
Thofe  of  the  oxides  with  which  it  combines, 

a.  . 

form  different  faline  combinations  of  the  muria- 
tic, acid,  which  are  known  by  the  name  of  fuper- 
oxigenated  metallic  muriates.  We  fhall  treat 
this  object  at  length  in  the  hiftory  of  the  me- 
tals which  are  capable  of  forming  thefe  com- 
binations. 

30.  The  oxigenated  muriatic  acid  in  the  li- 
quid ltate,  does  not  expel  the  carbonic  acid 
from  its  faline  combinations,  as  the  oxigenated 
muriatic  acid  gas  does.  It  is  much  weaker 
than  the  phofphoric  acid,  and  converts  the 
latter  into  phofphoreous  acid.  In  all  its  atr 
tradlions  it  gives  place  to  the  fulphuric  acid. 
As  it  changes  the  fulphureous  acid  into  the 
fulphuric,  it  whitens  and  difcolours  the  latter, 
when  of  a black  colour,  in  the  fame  manner  as 
the  nitric  acid  does.  The  fulphureous  acid  gas, 
when  brought  near  the  oxigenated  muriatic 
acid,  forms  an  abundant  white  fume,  which 
has  no  fmell,  and  is  merely  fulphuric  acid.  It 
does  not  adt  upon  the  nitric  acid,  nor  the  ni- 
trous acid  in  red  vapours.  It  decompofes  ni- 
trous 
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trous  gas,  and  converts  it  to  the  Hate  of  nitrous 
vapours  and  ruddy  acid.  It  mixes  with  corn» 
mon  muriatic  acid,  to  which  it  communicates 
its  properties.  When  brought  into  contact 
with  other  oxigenated  muriatic  acid  gas,  it  ab~ 
forbs  it,  between  the  temperatures  of  2 and  4 
degrees  above  0;  and  by  yielding  to  it  a final} 
portion  of  its  water,  caufes  it  to  cryftailize. 

31.  All  the  properties  of  the  oxigenated  mu- 
riatic acid,  whether  gafeous  or  liquid,  prove 
that,  in  this  lingular  combination  with  oxigen, 
the  acid  retains  it  weakly  ; that  it  tends  to  fe» 
parate  fpeedily  by  the  leaft  change  of  equili- 
brium in  the  attrapions,  and  confequently, 
that  it  is  capable  of  producing  with  celerity, 
thofe  effebts  which  are  operated  more  flowly, 
and  with  particular  circumftances,  by  the  oxi- 
gen gas  or  by  atmofpheric  air  itfelf.  It  is  a kind 
of  agent  which  frequently  reprefents,  as  well 
with  regard  to  chemifts  as  manufacturers,  the 
air  itfelf  contained  in  a fmall  volume  ; — with 
which  they  can  produce  in  bodies,  rapid 
changes  of  the.  fame  nature  v/ith  thofe  which 
the  atmofphere  would  produce  more  flowly. 

32.  The  ufes  of  this  acid  began  to  be  very 
numerous  in  manufactories,  for  bleaching  a 
number  of  vegetable  fubhances,  and  .more 
efpecially  different  fabrics,  old  paper,  foiled 
prints,  ancient  books,  to  take  out  writing,  &c. 
We  fli all  fpeak  of  thofe  objects  in  a great  num- 
ber of  articles  in  chemiftry.  It  has  become  an 
important  re-agent,  fmçe  its  nature  or  manner 
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of  aéting  has  been  known.  Great  advantages 
have  already  been  obtained  from  it  in  medicine  ; 
and  I will  venture  to  affirm,  that  it  will  here» 
after  be  one  of  the  mod:  ufeful  of  the  mate* 
via  medica . It  is  known  that  it  is  flrongly 
tonic,  according  to  the  dobtrine  of  Browne  ; 
that  it  augments  the  force  of  the  ftomach  and 
the  whole  fyftem,  and  abts  even  as  a ffipecific 
in  fyphilitic  diforders  ; that  it  difcolours  the 
urine  and  excrements  of  thofe  that  ufe  it;  that 
it  bleaches  the  ikin  of  negroes,  &c.  It  is  a 
fubftance  of  which  we  have  began  to  make 
trial  of  the  medicinal  ablion,  and  of  which  the 
mode  of  operation  may  lead  to  the  moil  im- 
portant difcoveries  refpeéting  the  animal  phy~ 
fiology. 

da  v 


Article  IV. 

Concerning  the  Fluoric  Acid. 

1.  THE  fluoric  is  the  fécond  acid  of  which 
the  intimate  nature  or  compofition  is  unknown. 
Its  name  is  derived  from  the  natural  fubfiance 
or  fpecies  of  ftony  fait  from  which  it  is  ob- 
tained, and  which  has  long  been  known  by 
the  name  of  fluor  fpar.  It  was  for  a certain 
time  very  improperly  termed  the  fparry  acid* 
The  new  denomination  is  generally  adopted  in 
all  modern  works  and  languages.  This  acid 
is  very  naturally  arranged  after  the  muriatic 

* O T( 


168 


FLUORIC  ACID, 


/ 


acid,  with  which  itpoffeffes  feme  analogies  that 
have  long  caufed  it  to  be  confounded  with  that 
acid  by  various  chemifts.  It  immediately  fol- 
lows that  acid  in  the  order  of  its  elective  at- 
tractions. 

2.  This  acid  was  difeoyered  by  Scheele,  in 
1 77 1 i and  was  much  examined  by  Prieftley  in 
the  hate  of  eas.  All  chemifts  have  fmee  ve- 

ZD 

rifted  the  experiments  of  thefe  two  celebrated 
men,  and  admit  the  fpecific  character  of  the 
fluoric  acid.  Some  have  been  ftnee  deftrous  of 
proving  that  tills  acid  is  either  the  muriatic  or 
the  fulphuric  ; but  their  experiments,  from 
their  uncertainty  and  inaccuracy  when  com- 
pared with  thole  of  Scheele,  have  convinced 
no  one.  That  chemift  pimfelf  replied  victo- 
riouily  to  the  objections  made  refpecting  the 
exiftence  of  fluor  acid  as  a peculiar  acid  ; 
and  many  learned  men  have  fin  ce  applied  the 
fpecific  properties  of  this  new  acid  to  the  pro- 
cédés of  the  arts. 

3.  The  fluoric  acid  exifts  in  Nature,  but 
never  uncombined.  It  is  always  united  with 
certain  earthy  matters,  more  especially  lime, 
as  we  fhall  elfewhere  fliow.  It  is  obtained 
from  this  natural  combination,  from  which  it 
is  extracted  by  the  application  of  ft  ronger 
acids.  As  its  intimate  compofition  is  not 
known,  it  cannot  be  formed  by  combination. 
The  proceft  for  obtaining  it,  conflits  in  pulver- 
izing its  calcareous  combination,  placing  the 
powder  in  a retort  of  tin  or  lead,  upon  which 
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concentrated,  fulphuric,  nitric,  or  muriatic  acid 
is  to  be  poured.  Diftillation  is  then  made,  by 
adapting  to  the  retort  a tube  of  lead,  which 
carries  the  gafeous  acid  under  glafs  veifels  filled 
with  mercury,  or  a fmall  receiver  of  glafs,  in 
which  water  is  put  to  the  half  of  its  capacity. 
In  the  fir  ft  cafe  the  fluoric  acid  gas  is  collected 
almoft  without  heat,  or  by  a very  gentle  heat  ; 
in  the  fécond,  the  liquid  fluoric  acid  is  ob? 
tained.  We  fiiall  fucceffively  fpeak  of  the  pro- 
perties of  this  acid  in  its  two  ftates. 

4.  \The  fluoric  acid  gas  is  invifible,  like  air; 
but  if  it  meet  with  a fmall  portion  of  moifture, 
it  is  more  or  lefs  cloudy  or  vaporous.  Its 
fmell  is  fiiarp,  acrid,  and  confiderably  refem- 
bles  that  of  the  muriatic  acid,  though  it  can- 
not be  faid  to  be  exactly  the  fame.  It  is  much 
heavier  than  common  air;  its  fpecific  gravity 
has  not  been  exactly  afeertained,  probably, 
becaufe  it  is  never  pure.  It  extinguiflies  a 
lighted  taper,  giving  a very  perceptible  green 
colour  to  the  flame.  It  deftroys  the  life  of  ani- 
mals, and  reddens  blue  vegetable  colours.  Its 
moft  diftindtive  character  is,  that  it  corrodes, 
unpolilhes,  and  diflolves  glafs  ; fo  that  the 
thickeft  veifels  of  this  fubftance  cannot  long 
retain  it.  It  is  very  feldom  exempt  from  the 
earth  which  forms  the  bafe  of  glafs,  even  in  the 
cafe  when  it  is  prepared  in  veifels  of  metal, 
becaufe  the  fubftance  from  which  it  is  ob- 
tained frequently  affords  the  earth  which  it 
contains, 
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5.  Light  is  refraéted  by  the  gafeous  fluoric 
acid  in  proportion  to  its  denfity.  Caloric  dif- 
folves  it  without  appearing  to  alter  its  nature  ; 
for  it  paifes,  with  all  its  properties,  through  an 
ignited  tube  of  porcelain. 

6 . When  brought  into  contact  with  oxigen 
gas,'  atmofpheric  air,  or  azote,  it  changes  none 
of  the  properties  of  thole  bodies  ; neither  ab- 
forbing  them,  nor  appearing  to  be  (abject  itfelf 
to  any  alteration.  But  when  thofe  fluids  con- 
tain water,  it  abforbs  that  compound,  and  forms 
a denfe  white  vapour,  owing  not  only  to  the  con- 
denfation  of  the  acid  by  the  water,  but  likewife 
by  the  precipitation  of  the  earth  it  contains  by 
the  union  of  this  liquid.  Whenever,  therefore, 
this  gas  is  received  in  the  air,  it  affords  a very 
denfe  and  heavy  fume,  which  falls  down,  and  is 
depofited  in  the  form  of  white  moift  vapour  on 
the  fur  face  of  bodies. 

7.  Hidrogen,  carbon,  phofphorus,  fulphur, 
and  the  diamond,  as  well  as  the  hidrogenated, 
carbonated,  phofpho rated,  ^ and  fulphurated 
gafes  are  perfectly  unchangeable  by  fluoric  acid 
gas,  which  itfelf  likewife  undergoes  no  kind  of 
change  froqi  their  action.  As  we  have  feen 
that  molt  of  the  other  acids  are  decompofed  by 
one  or  more  of  thefe  combuftible  bodies,  and 
that  it  is  by  fuch  decompofition,  that  the  nature 
of  thefe  acids  has  been  difeovered,  the  perfect 
unchangeablenefs  of  the  fluoric  acid  by  the  fame 
bodies,  has  not  permitted  us  to  afeertain  its  com- 
petition. This  (hows,  either  that  the  prefent 
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acid  is  a fnnple  body,  which  has  no  more  proof 
with  refpedt  to  this,  than  with  regard  to  the 
muriatic  acid  ; though  the  ftate  of  our  know- 
ledge, fcarcely  permits  any  fuch  conclufion  : 
or  otherwife,  which  is  the  in  oft  natural  at  leaft 
by  the  force  of  analogy,  that  this  acid  has,  for 
its  radical,  a fubftance  of  which  the  attradfion 
for  oxigen  is  ftronger  than  that  of  any  of  the 
known  combuftible  bodies.  This  laft  aflertion, 
neverthelefs,  is  truly  an  hypothecs  as  well  as  the 
former,  though  it  is  more  agreeable  to  the 
know'n  fadfs. 

8.  No  metal  adts  upon  the  fluoric  acid  gas? 
or  receives  any  alteration  from  it.  All  the  me- 
tals have  the  fame  habitude  with  it  as  the  other 
combuftible  bodies  ; fo  that  they  undergo  no 
change,  or  oxidation,  and  confequently  no  fo- 
iution  if  this  gas  be  perfedlly  dry.  But  it  is 
very  greedy  of  water;  if  it  contain  a final} 
portion  of  this  fluid,  it  then  fpeedily  fhows 
traces  of  oxidation  in  thofe  metals  which  are 
rnoft  fufceptible  of  that  procefs,  and  are  plung- 
ed in  it. 

9.  Water,  whether  in  the  form  of  ice,  or  in 
the  liquid  ftate,  eafily  abforbs  the  fluoric  acid 
gas  ; which  fufes  ice,  and  cools  it  by  producing 
the  liquid  ftate,  or  heats  fluid  water,  by  condenft 
ing  it.  In  proportion  as  it  becomes  thus  lique- 
fied, it  depoftts  moft  of  the  earthy  matters  it 
held  in  iolution  in  its  elaftic  fluid  ftate,  and 
when  it  is  received  from  the  bottom  of  the  wa- 
ter fo  as  fo  rife  to  its  furface,  it  precipitates  long 
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Cylindric  hollow  portions  of  earth,  which,  ar- 
ranging  themfelves  in  fome  inftances  befide  each 
other,  refemble  the  pipes  of  an  organ.  If  it 
touch  the  furface  only  of  the  water  it  forms  a 
folid  cruft,  which  breaks  and  falls  down.  By 
the  fame  mechanifm,  a kind  of  earthy  envelop» 
or  Irony  clothing,  as  it  has  been  called,  may  he 
depofited  on  the  furface  of  fillies,  frogs,  and 
other  aquatic  animals  which  are  plunged  in  it 
when  wet,  but  which  it  kills  before  it  thus  co- 
vers. This  effedt  has  been  compared  to  a pe- 
trifaction, and  fufpicions  have  been  entertained 
that  the  laft  procefs  may  take  place  in  the  earth 
by  a fimilar  chemical  mechanifm. 

10.  The  fluoric  acid  gas  is  fiowly  abforbed 
by  the  metallic  oxides  ; at  leaft  by  moft  of  them. 
If  water  be  added  to  thofe  two  bodies  in  con- 
tact, a more  fpeedy  and  ealy  combination  takes 
place  : peculiar  metallic  laits  are  formed,  which 
wall  be  pointed  out  in  the  fection  deftined  to  the 
particular  hiftory  of  the  metals. 

11.  The  fluoric  acid  gas  difplaces  carbonic 
acid  from  moll  of  its  combinations  : being 
weaker  than  the  fulphuric,  the  phofphoric,  ni- 
tric, and  muriatic,  it  does  not  feparate  them 
from  their  compounds,  but,  on  the  contrary,  is 
fcparated  from  its  combinations  by  thefe  acids. 
It  does  not  change  the  phofphoreous,  fulphu- 
reous,  and  nitrous  acids,  though  it  is  ftronger 
than  the  two  laft  which  it  difen  gages  from  their 
combinations  ; and  it  has  no  action  on  the  ni- 
trous oxide,  or  oxide  of  azote.  It  is  weaker 
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than  fome  of  the  metallic  acids,  and  ftrongef 
than  many  others.  All  thefe  faCts  relative  to 
its  addons,  like  the  fimilar  fadts  with  refpect  to 
the  otlier  acids,  will  be  pointed  out  in  the  arti- 
cles of  laits. 

12.  The  fluoric  acid  in  a liquid  ftate,  or  unit- 
ed to  water,  exhibits  fome  properties  different 
from  thofe  of  the  fame  acid  in  the  ftate  of  gas. 
It  is  heavier  than  water,  though  we  do  not  know 
the  ratio  of  its  fpecific  gravity.  Its  tafte  is 
verv  rough  and  acrid,  though  never  cauftic, 
however  concentrated  it  may  be.  It  reddens 
blue ‘vegetable  colours,  without  giving  them 
brilliancy  like  the  muriatic.  It  corrodes  glafs, 
for  which  reafon  it  muft  be  kept  in  bottles  lined 
with  wax.  It  emits  very  little  fume,  though 
water  may  be  highly  charged  with  it.  It  dif- 
folves  lets  of  the  earth  of  the  veffels,  than  the 
fame  acid  in  a ftate  of  gas. 

13.  Light  produces  no  change  in  this  acid. 
Caloric  difengages  it  eafily  from  water,  and 
caules  it  to  allume  a gafeous  form.  Neverthe* 
lefs,  the  laft  portions  adhere  fo  ftrongly,  that  it 
is  difficult  to  caufe  them  to  lofe  the  liquid  ftate, 
and  to  feparate  them  from  the  water  in  order  to 
give  them  the  elaftic  fluidity. 

14.  This  liquid  undergoes  no  more  alteration 
than  its  acid  gas  by  the  application  of  combuf- 
tihle  bodies,  which  alio  undergo  no  change.  It 
attacks  the  metals  much  more  effectually  than 
the  fame  acid  in  the  gafeous  ftate.  Its  attrac- 

. tion  for  the  oxides,  renders  water  verv  dccom- 
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pofable  by  many  of  thofe  bodies  ; hidrogen  gag 
is  difengaged  during  its  action.  The  acid  dif- 
folves  the  metals  in  proportion  as  they  become 
burned  by  the  oxigen  of  the  water, 

15.  It  unites  with  water  in  all  proportions* 
and  lofes  its  force,  in  proportion  to  the  quan- 
tity of  this  liquid  that  may  be  added.  When 
its  fpecific  gravity  is  to  water  as  1,064  is  to 
1000,  it  retains  no  more  than  one  booth  part 
of  earth  foreign  to  its  nature,  and  is  then  as  pure 
as  it  can  be.  It  alfo  combines  with  many  me- 
tallic oxides,  and  does  not  adt  upon  all  the 
other  non-metallic  oxides.  It  does  not  allume 
any  character  of  oxigenation  like  the  muriatic 
acid. 

16.  The  very  flight  effedts  dependent  on  the 
force,  or  weaknefs,  of  the  fluoric  acid,  when 
compared  with  the  other  acids,  are  much  more 
evident  and  fenlible  with  the  liquid  acid,  than 
in  its  ftate  of  gas.  It  is  very  worthy  of  notice, 
that  it  does  not  exhibit  the  fame  adtion  on  the 
nitric  acid  as  the  muriatic  acid  does  ; and  that 
it  is  thus  effentially  diftinguilhed  from  the  latter. 
Though  fome  chemifts  have  affirmed,  that  it 
acts  on  nitric  acid  after  the  manner  of  the  mu- 
riatic acid,  this  refult  has  arifen  from  their  fluoric 
acid  not  being  pure,  but  containing  a fmall 
portion  of  muriatic  acid,  as  Scheele  has  proved 
in  1780. 

17-  Though  the  ufes  of  fluoric  acid  are 
{till  very  little  extended,  we  may  forefee  that 
they  will,  hereafter,  be  of  confidcrable  import- 
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ance  in  the  arts,  from  its  property  of  taking  off 
the  poliih  and  diffolving  hard  ftones,  and  glafs. 
It  has  already  been  propofed  to  engrave  upon 
thefe  fubftances  in  the  fame  manner  as  is  done 
with  the  nitric  acid  upon  copper,  and  this  new 
art  has  already  been  applied  with  fuccefs,  in  the 
fabrication  of  inftruments  of  meteorology  and 
natural  pliilofophy. 


Article  XVI. 

Concerning  the  Boracic  Acid . 

1.  THE  boracic  acid  is  the  third  and  laft  of 
thofe,  of  which  the  nature  and  compofition  are 
ftill  unknown.  Its  name,  like  thofe  of  the  two 
preceding,  is  taken  from  the  fait  from  which  it 
is  extracted,  generally  known  by  the  name  of 
borax.  The  hiftory  of  this  fait  will  be  given  in 
the  fedlion  of  faits.  The  boracic  acid  was  at 
firft  called  fedative  fait,  afterwards  acid  of  borax, 
or  boracic  acid.  It  received  the  denomination 
it  now  bears,  at  the  time  of  publilhing  the  me* 
thodical  nomenclature  in  1787. 

2,  The  difcovery  of  this  acid  dates  in  the 
year  1 702.  Homberg,  a chemift  of  the  academy 
of  fciences  at  Paris,  difcovered  and  obtained  it 
by  the  fublimation  of  a mixture  of  fulphate  of 
iron  and  borax.  He  called  it  volatile  narcotic 
fait  of  vitriol,  or  fedative  fait,  and  was  of  opi- 
xdon  that  the  fulphate  of  iron,  then  denominat- 
ed 
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ed  vitriol,  contributed  to  its  formation.  Lcrne^ 
ry  the  younger  foon  afterwards  found  that  it 
might  be  extracted  from  borax  by  the  nitric 
and  muriatic  acids,  always  by  fublimatiom 
Geoffroy  obtained  it  in  the  humid  way  by  pre- 
cipitation from  the  folution  of  borax,  mixed 
with  the  fame  acids,  and  proved  that  it  is  united 
to  foda  in  borax.  Baron  generalifed  this  ex-* 
traction  by  the  weak  eft  acids  then  known,  and 
concluded,  that  this  acid  is  ready  formed  and 
contained  in  the  borax.  Though  fome  chemifts 
have  ffnee  fuppofed  that  the  acids  made  ufe  of 
contributed  to  form  it,  yet  the  numerous  expe- 
riments which  prove  that  it  is  perfeftly  identical 
whatever  acid  may  have  been  ufed  for  its  ex- 
traction, leave  no  doubt  in  this  refpect. 

3.  Though  fome  facts  feem  to  iliow  that  this 
acid  is  daily  formed  in  fat  matters,  fpontaneouf- 
ly  decompofed,  no  accurate  knowledge  lias  yet 
been  acquired  refpecting  its  formation.  It  is 
found  diffolved  in  feveral  lakes  of  Tufcanv.  It 
was  firft  difeovered  in  177b  by  Hoeffer,  a che- 
mift  of  that  country,  and  the  difeovery  was 
afterwards  confirmed  by  feveral  others.  It  is 
more  particularly  in  the  water  of  the  lake  Cher- 
chiago  near  Monterotondo,  in  the  province  of 
Sienna,  that  this  acid  exiffs  in  fufficient  abun- 
dance to  be  advantageoufly  converted  into 
borax  by  foda.  It  is  alfo  combined  in  certain 
foffils  with  earthy  fubftances,  as  will  be  ffiown  in 
the  fettion  of  fal  ls. 
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4.  To  obtain  boracic  acid,  which  is  (imply 
extraéled  from  borax,  a fufficient  quantity  of 
fulphuric,  nitric,  or  muriatic  acid  is  poured  into 
a hot  folution  of  this  fait,  to  give  the  fluid  an 
excels  of  acidity.  During  the  cooling,  the  bo« 
racic  acid,  feparated  by  thefe  laft  winch  are 
much  ftronger  in  their  attraction,  is  depofited 


in  the  form  of  cryftaHine  Dales  more  or  left 
large,  white,  and  brilliant.  Thefe  are  waihed 


on  a filter  with  cold  water, 
acid  has  been  carried  off. 


until  all  the  marine 


5.  The  boracic  acid  thus  prepared,  has  the 
form  of  white  micaceous  plates,  exhibiting  ah 
molt  the  filvery  brilliancy  of  the  Dales  of  fifli, 
eryftallized  in  irregular  hexahedral  fiat  leaves,  of 
a cool  and  roughifh  faline  tafte,  very  light,  and 
reddening  blue  vegetable  colours.  This  acid  is 
diftingui Lhed  by  its  ufes,  its  appearance,  its  tafte, 
its  form,  and  an  unctuous,  as  well  as  brilliant 
appearance  on  itsfurface.  It  obftinately  retains 
a fmall  portion  of  the  acid  which  ferves  to  fe- 
parate  it  from  the  borax. 

6.  The  acid  of  borax  is  perfectly  unalterable 
by  light  : when  expofed  to  heat,  it  melts  a fiiort 
time  before  ignition,  without  any  fenfible  lofs  of 
water.  Its  fufion  is  pafty,  when  the  tempera- 
ture is  below  the  red  heat  ; but,  in  the  latter 
cafe,  it  flows  very  well,  though  not  as  fluid  as 
borax  itfelf.  The  boracic  acid,  thus  fufed,  pof- 
fefifes  the  vitreous  date,  hard,  tranfparent,  and 
becomes  flightly  opaque  in  the  air,  without  at- 
tracting humidity.  It  has  undergone  no  alte- 
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ration  ; for  when  it  is  diflblved  in  hot  water,  it 
refumes  its  original  form  with  all  its  properties, 
by  cooling  and  cryftallization.  Neverthelefs, 
Cartheufer  has  pretended,  that  by  roafting  and 
Aowly  calcining  the  boracic  acid  in  an  open 
veffel,  taking  care  frequently  to  agitate  it,  an 
odour  of  muriatic  acid  is  difengaged,  and  that 
by  afterwards  diffolving  it  in  water  a feparation 
of  earth  takes  place  ; fo,  that  by  repeated  calci- 
nation and  lixiviations,  it  may  be  decompofed 
into  muriatic  vapour  and  earthy  powder.  But 
this  experiment  on  trial  did  not  afford  the  ex- 
pended refait.  It  is  alfo  known,  that  the  bo- 
racic acid,  fufed  in  the  form  of  glafs,  and  dif- 
folved  in  water,  allumes,  at  the  bottom  of  the 
folution  upon  evaporation,  a gelatinous  form, 
and  that  of  laminated  cry  fiais  merely  at  the 
furface. 

7.  The  concrete  boracic  acid  undergoes  no 
alteration  by  oxigen  gas,  common  air,  or  azote 
gas,  neither  does  it,  in  any  refpecl,  change  the 
combufiible  bodies,  hidrogeri,  carbon,  phofpho- 
rus,  fulphur,  kc.  from  which  it  receives  no 
known  modification.  The  fame  obfervation 
alfo  applies  to  the  mixed  hidrogenous  gafes,  car- 
bonated, fulphurated,  gafes,  kc. 

8.  This,  of  all  the  acids,  has  the  leaft  abiion 
on  the  metals,  and  appears  leaft  capable  of  at- 
tacking them.  As  its  tafie  and  power  of  com- 
bination are  extremely  flight,  in  coînparifon 
with  moft  of  the  preceding  acids,  we  may  form 
a notion  why  it  favours  not,  without  great  difli- 
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culty,  the  decompofition  of  water  by  the  me- 
tals which  are  ufually  the  molt  difpofed  to  that 
proeefs. 

9.  It  is,  likewife,  with  the  exception  of  the 
metallic  acids,  that  which  has  the  leaft  attrac- 
tion for  water.  Boiling  water  dilfolves  fcarcely 
a fiftieth  part  of  its  weight,  and  cold  water  takes 
np  much  lefs,  fo  that  the  acid  cryftallizes  by 
cooling  in  the  fluid.  When  it  is  evaporated  in 
dole  v effets,  or  when  a faturated  folution  of 
boracic  acid  is  diltilled,  part  of  the  acid  riles 
with  the  water  in  the  form  of  vapour,  and  crys- 
tallizes in  the  receiver.  This  fublimation  ceafes, 
when  no  more  water  is  prefen t,  whence  it  fol- 
lows, that  boracic  acid  is  volatilized  only  by 
favour  of  this  fluid,  being  neither  volatile  nor 
fublimable  alone,  and,  in  fact,  flowing* into 
glafs  rather  than  evaporating.  The  folution  of 
this  acid  has  little  tafte,  and  reddens  the  tinCture 
of  turnfole  very  evidently. 

1 0.  There  is  little  attraction  between  the  con* 
crete  boracic  acid,  and  molt  of  the  metallic  ox- 
ides ; whence  they  can  fcarcely  be  well  united, 
but  by  means  of  the  double  elective  attractions 
as  we  ihall  hereafter  fee.  W ater  flightly  fa- 
vours this  immediate  combination.  W e lhall, 
elfewhere,  fpeak  of  this  genus  of  metallic  faits. 

11.  As  this  acid  is  weaker  than  mo  ft  of  the 
acids,  we  have  fecn  that  it  is  difengaged  by  them 
from  its  combinations  ; its  attractions,  neverthe- 
lefs,  compared  with  thofe  of  the  other  acids, 

* vary  according  to  the  temperature,  for  in  the 
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dry  way,  and  particularly  by  ignition,  it  fre- 
quently expels  from  their  compounds,  acids 
which  would  feparate  it  from  its  combinations 
in  the  cold,  and  by  the  humid  way.  It  appears 
capable  of  undergoing  fome  alteration  ftiil  un- 
known on  the  part  of  fulphuric,  the  nitric,  and 
the  oxigenated  muriatic  acids,  becaufe,  when 
heated  with  thole  acids,  it  deprives  them  of  a 
portion  of  their  oxigen,  and  partly  difacidifies 
them.  It  appears  capable  of  becoming  itfelf 
oxigenated,  but  what  befalls  it  in  this  ftate  has 
not  yet  been  determined, 

12.  The  properties,  indicated  in  the  prefent 
article  refpedting  boracic  acid,  proves  that  it 
differs  from  all  the  others.  That  which  moft 
ftrongly  relembles  it  is  the  phofphoric,  on  ac- 
count of  its  fixity  and  vitrifiability  ; but  it  pof- 
leffes  only,  in  a very  weak  degree,  the  property 
of  mutual  attraction,  which  is  fo  remarkable 
and  fo  powerful  in  aim  oft  all  the  preceding 
acids  ; it  is  nearly  infipid,  a lino  ft  infoluble  in 
water,  and  produces  a very  fight  alteration  in 
blue  colours.  It  may  be  considered  as  the  leaf 
powerful  among  the  acids. 

13.  Without  poll  effing  a knowledge  by  any 
pofitive  fact  of  the  nature  of  the  boracic  acid, 
fome  modern  chemifts  confid er  it,  as  well  as  the 
muriatic  and  fluoric  acids,  as  a compound  of  an 
unknown  radical  and  oxigen.  They  apprehend 
that  its  not  having  yet  been  dccompofed,  arifes 
from  its  radical  adhering  to  the  acidifying  prin- 
ciple with  a force  which  no  other  body  is  capa- 
ble* 
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ble  of  overcoming.  Others  fufpect  that  this 
acid  does  not  contain  oxigen,  but  that  with  the 
two  preceding  acids,  and  fome  others  hereafter 
to  be  mentioned,  it  conftitutes  a particular  ge- 
nus of  acid  bodies,  not  burned  or  oxigenated. 
Thefe  two  opinions  are  fnnple  hypothefes,  equal- 
ly unfupported  by  faffs  ; the  firft,  after  all  the 
analogies  which  may  be  grounded  on  the  actual 
hate  of  chemical  knowlege,  appears,  however, 
much  more  probable  than  the  fécond. 

14.  The  boracic  acid  is  frequently  employed 
in  chemiftry;  not  as  a re-agent,  or  infiniment, 
to  aicertain  the  nature  of  other  bodies,  for  its 
attractions  are  too  weak,  and  its  aftion  poffeffes 
too  little  energy  to  admit  of  its  being  applied  to 
this  ufe  ; but  in  order  to  afcertain  its  proper 
combinations  and  the  compounds  to  which  it 
gives  rife.  It  was  long  thought  to  be  fedative 
or  narcotic,  and  its  firft  denomination  arofe 
from  this  opinion.  But  it  is  at  prefent  ascer- 
tained that  it  is  not  adapted  to  this  indication. 
In  the  filverfmiths  and  jewellers  art,  it  may  be 
ufed  like  borax  itfelf  to  affift  fufion,  and  cover 
the  furface  of  final  1 pieces  of  gold  and  filver 
which  are  Soldered.  Borax  is,  however,  more 
advantageous,  and  deServes  the  preference  alfo 
on  account  of  its  being  more  eafy  to  be  pro- 
cured. The  boracic  acid  is  ufeful  alfo  to  mine- 
ralogists, to  favour  the  fufion  of  fragments  of 
ftone,  which  they  treat  with  the  blow-pipe. 
The  manner  in  which  it  operates,  the  fufion  or 
vitrification,  the  colours  it  affames,  and  the 
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form  it  affects,  afford  fo  many  ufeful  characters 
for  afcertaining  the  clafiification  of  foffils. 
When  the  nature  of  this  acid  fhall  be  known, 
it  will  render  much  greater  fervices  to  the  arts 
and  contribute  more  to  the  progrefs  of  fcience. 

] 5.  I have  lately  heard,  in  Florial  of  the  year 
leven,  from  Citizen  Fabroni,  a philofopher  of 
Florence,  that  from  his  own  particular  experi- 
ments, he  confiders  this  acid  as  a modification 
of  the  muriatic  ; that  it  can  be  totally  compofed 
with  that  acid  ; and  that  the  boracic  acid  is 
probably  formed  by  this  muriatic  modification 
In  the  water  of  the  lakes  of  Tufcany.  But  I am 
yet  unacquainted  with  the  faéts  upon  which 
this  opinion  refis,  and  the  experiments  by  which 
Citizen  Fabroni  thinks  he  has  eftablifhed  it.  I 
thought  it  proper  to  confign  the  fa<fi  in  this 
place,  on  account  of  the  confidence  which  the 
great  intelligence  and  veracity  of  this  fkilful 
philofopher  mull  naturally  infpire. 


SECTION 


SALIFIABLE  BASES. 


183 


SECTION  FOURTH. 

i i 

Concerning  the  Earthy,  and  Alkaline  Salifiable 

B a fies » 


^ Article  I. 

Concerning  the  Salifiable  Bafes  in  general  ; their  Clafi 
Jf  cation , and  that  of  the  Earths  in  particular, 

].  I CALL  thofe  bodies  falifiable  bafes 
which,  neither  being  combuftible  bodies  nor 
burned  fubftances,  have  the  property  of  uniting* 
more  or  lefs  eafdy,  and  more  or  lefs  ftrongly 
to  thefe  la  ft,  and  of  converting  them  into  faits. 
The  name  of  bafes  applies  to  them  in  general, 
becaufe  they  fix,  in  fome  manner,  the  acids;  be- 
caufe  they  take  away,  or  annul,  the  volatility 
of  the  moft  evaporable,  and,  by  this  union,  they 
mafk,  envelop,  and  deftroy  the  acid  characters, 
and  determine,  by  their  combination  with  thefe 
bodies,  the  fpecies  of  the  faits,  The  denomina- 
tion of  falifiable,  employed  firft  by  Lavoifier, 
and  which  I have  adopted  after  him,  defignates 
that  when  thus  combined  with  the  acids,  they 
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form  the  faits  properly  fo  called,  and  thence 
appear  to  conftitute  their  eften ce. 

2.  The  fill  fiable  bafes  are  of  two  kinds. 
Some  of  thefe  are  designated  by  the  name  of 
earths  ; others,  by  that  of  alkalis,  I In  all  only 
treat,  in  this  article,  of  the  earths  confidered  in 
general,  or  in  the  aftemblage  of  their  generic 
properties.  The  name  of  earth,  given  firft  to 
our  globe,  has  been  applied  by  chemifts  to  a dry, 
infipid,  acrid  fubftance,  infufible  by  heat,  info- 
liable  in  water,  which  feerns,  bv  thefe  characters, 
to  reprefent  the  ftability  and  inalterability  of 
the  globe  itfelf,  to  belong  molt  eminently  to  its 
formation,  and  to  conftitute  a ne  cellar  y part  of 
its  mais.  Thus  the  word  earth,  by  recalling 
the  ideas  of  the  terreftrial  globe,  indicates  that 
every  body  of  that  name  refembles  the  earth  in 
its  folidity,  and  in  the  permanence  of  the  earth, 
that  it  partakes  its  properties,,  and  appears  to 
belong  to  it. 

3.  Chemifts  have  a long  time  believed,  that 
there  is  a primitive  elementary  earth,  the  origin 
and  common  fource  of  all  the'  others  ; forming 
the  folid  bafe  of  the  whole  globe,  poffeffing  a high 
degree  of  that  character  of  inalterability  and 
drynefs  which  they  attributed  to  the  earth  in 
general,  and  of  which  they  thus  admitted  the 
exiftence  in  all  the  dry  and  infipid  bodies,  which 
more  or  lefs  refeiuble  it  They  afterwards  in- 
quired to  what  peculiar  matter  they  could  moil 
properly  apply  thefe  properties  ; and,  they  be^ 
Jieved,  they  had  moft  eminently  found  them  in 
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that  which  was  at  fitrft  named  vitrifiable,  becaufe 
it  particularly  pofleffes  the  quality  of  filling  into 
glafs,  bytlieafliftan.ee  of  alkalis  : it  is  the  earth 
of  rock  cryftal,  of  flints,  &c. 

4,  But  in  proportion  as  the  art  of  analyfis  was 
improved,  and  extended  to  a greater  number  of 
fofiils,  and  bodies  more  or  lefs  earthy,  it  was 
perceived  that  the  number  of  earths  increafed\; 
that  feveral  were  met  with  very  different  from 
each  other,  claiming  equally  to  be  regarded  as 
primitive.  It  was  afterwards  difeovered  that 
feveral  had  lefs  infipidity,  unalterability,  and 
infplubility  than  others,  and  that  there  were 
feme  which,  in  tafte  and  other  properties,  feem- 
ed  to  approach  to  alkaline  matters. 

5.  It  even  appears  that  nature,  in  contradic- 
tion to  the  fir  ft  conceptions  of  chemifts,  had 
determined  by  increafing  their  acquittions  and 
aggrandifmg  their  difeoveries,  to  force  them 
abfolutely  to  reject  the  notion  of  a principle, 
or  of  an  earthy  element,  by  fhowing,  on  the  one 
hand,  that  the  pretended  vitrifiable  earth  which 
they  formerly  qualified  with  this  title  of  ele- 
ment, and  which  they  regarded  as  the  caufe  of 
the  unalterability  of  a number  of  bodies,  does 
not  even  exift  in  thefe  bodies  ; but  that  it  fre- 
quently enters,  on  the  other  hand,  into  the  com- 
pofition  of  matters,  the  properties  of  which,  be- 
ing very  different  from  thole  which  they  attri- 
buted to  it,  did  not  even  caufe  them  to  fufpedt 
its  prefence. 
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6.  The  more  progrefs  the  fcience  made  in  the 
knowledge  of  minerals,  the  more  the  number  of 
the  earths  became  inereafed  ; and  the  more  alfo 
the  firft  hypothefes  refpeCting  a primitive  earth, 
or  an  earthy  element,  muft  have  loft  their  force, 
and  their  probability.  Hence  it  refults  that  our 
prefent  notions  concerning  earthy  matters,  are 
very  different  from  thofe  which  were  formerly 
admitted  ; in  Head  of  regarding  fome  earths  as 
modifications  of  a pretended  primitive  earthy 
principle,  we  are  contented  to  compare  them 
all,  to  diftinguifh  their  differences,  and  to  de- 
termine with  care  their  diftinCtive  properties  ; 
we  are  convinced  they  have  only  certain  rela- 
tions of  quality,  but  not  of  nature,  or  of  inti- 
mate competition;  and,  laftly,  that  being  igno- 
rant, of  the  difference,  of  the  number,  and  of 
the  proportion  of  the  principles  which  conftitute 
each  of  them,  we  ought  rather  to  inquire  into 
their  attractions,  and  their  fpeeific  characters, 
than  to  fabricate  hypothefes  refpecting  their  ori- 
gin, and  their  intimate  analogies. 

7.  In  the  prefent  ftate  of  our  knowledge,  I 
diftinguifh  fix  fpecies  of  earthy  matters.  Some 
chemifts  admit  eight  ; but  two  of  them  are 
really  alkalis,  to  which  order  of  bodies,  I re- 
fer them.  There  are  alfo  feveral  others  which 
were,  at  firft,  thought  to  be  new  earths,  but 
which,  foon  afterwards,  were  difcovered  to  be 
mixtures,  or  combinations  of  fome  of  thefe 
earths  with  each  other.  It  is  by  carefully  ana- 
lyfing  (tone,  by  proceffes,  and  means  unknown 
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in  ancient  chemiftry,  that  thefe  important  dii- 
coveries  have  been  made.  Of  thefe  very  dif- 
tindt  and  well-determined  fix  earths,  the  an- 
cients only  diftinguifhed  two.  The  greater 
number  of  the  four  others  are  products  of  the 
labours  of  modern  chemifts,  particularly  Berg- 
manu,  Scheele,  M.  Klaproth,  and  Citizen  Vau- 
quelin. 

8.  Among  the  fix  earths  well  diftinguiflied 
by  their  particular  properties  or  fpeciflc  cha- 
radters,  there  are  fame  which  poffefs  earthy 
charadters  in  a more  eminent  degree;  and 
others  approximate  to  the  alkaline  fubftances* 
The  firft  may  be  deferibed  by  the  term  of  pure 
earths,  arid  earths , or  earths  properly  fo  called; 
and  the  fécond,  by  that  of  alkaline  earths « 
Thefe  have  frequently  been  named  JaUno-eartliy 
fubftances,  faline  earths , and  earthy  alkalis . 
It  is  with  thefe  laft  earths  that  the  two  fpecies 
which  I have  referred  to  the  alkalis  properly  fo 
called,  are  clalfed  by  fome  of  the  moderns. 

q.  There  are  four  pure,  arid,  infipid,  or 
(lightly  fapid  earths,  (lightly  alterable  by  heat, 
infoluble,  or  almoft  infoluble,  in  water  ; in  a 
word,  earths  properly  fo  called.  Of  thefe  four 
fpecies,  in  a certain  fenfe,  the  (irft  are  file. r, 
alumine , zircone , and  glueine.  There  are  two 
alkaline  earths  ; that  is  to  fay,  fapid  like  the 
alkalis,  though  never  fo  acrid  as  they  ; turning 
feveral  blue  vegetable  colours  to  green,  and 
more  or  lefs  foluble  in  water,  Thefe  two  fpe- 
cies 
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ci  es  have  received  the  names  of  magne  fia  and 
lime . 


10.  The  refpective  difpofitlon  of  thefe  fix 
earths  in  the  order  indicated,  an  order  which 
will  be  followed  in  the  fncceffive  examination 
of  each  of  their  fpeciss,  commences  with  thole 
which  moft  eminently  poffefs  this  earthy  cha- 


racter, and  leads  to  thofe  which  are  molt  alka- 
line. As  to  thefe  laft,  I have  difpofed  them 
according  to  their  force  of  general  attraction 
for  the  acids  : magnefia,  as  moft  weakly  at- 
tracted by  them  ; and  lime,  as  moft  ftronglÿ 


attracted.  This  order  is  the  inverfe  of  that 
which  I have  adopted  in  the  preceding*  fee- 
tiens  ; I have  adopted  it  in  order  to  eftabliih  a 
natural  tranfition  from  the  earths  to  the  alkalis* 
gradually  palling  from  the  weakeft  as  an  alkali, 
and  as  it  were  the  moft  earthy,  which  is  fiiex, 
to  the  moft  alkaline,  and  confequently  the  leaft 
earthy,  which  is  lime. 

11.  All  thefe  fix  earthy  matters  exift  in  na- 
tural compounds,  moft  frequently  ftony  or  fa- 
line,  whence  they  are  extracted  by  chemical 
art.  None  of  them  are  yet  known  as  to  their 
principles  or  competition;  and,  though  Na- 
ture appears  to  form  them  continually  around 
us,  and  perhaps  even  with  the  proper  materials 
of  our  bodies  during  our  lives,  we  have  not  yet 
any  notion  of  their  principles,  and  we  cannot 
produce  the  fmalleft  quantity  of  any  of  them 
by  art.  It  would  appear  then  that  I ought  to 
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place  thefe  fubftances  in  the  ferions  of  fimple 
or  undecompofed  bodies  ; but  every  fact  an- 
nounces that  they  are  not  really  fimple  beings  ; 
that  we  are  on  the  point  of  obtaining  their  de- 
compofition,  and  that  they  do  not  poffefs  that 
order  of  fnnplicity  which  is  remarked  in  thefe 
matters  referred  to  in  the  fécond  fection  of  this 
work.  Befides,  it  is  natural  and  neceffary  to 
place  the  fall  liable  bales  after  the  acids,  fmce 
they  have  fo  much  difpofition  to  unite  with  the 
former,  that  they  produce  with  them  very  im- 
portant compounds,  the  properties  of  which  it 
is  neccifary  to  examine  immediately  after  theirs, 
and  which  become  inftruments  of  ana ly ils. 


Article  II. 

x » 

Concerning  Silex, 

I.  SILEX,  (in  French  fllice , which  name  is 
derived  from  the  word  flex,  and  had  long  fin  ce 
been  transferred  from  the  Latin  into  the  French 
language)  has,  at  different  periods,  been  de- 
nominated from  its  properties  or  its  origin. 
It  was  formerly  called  the  vitrijiable  earth , be- 
caufe  it  eminently  poffeffes  the  property  of 
filling  into  a tranfparent  and  folid  glafs,  by 
the  affi fiance  of  the  fixed  alkalis.  That  of 
quartzofe  earth  has  been  fubflituted  for  this 
• frftname,  becaufethe  principal  genus  of  ftones, 

wherein 
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wherein  it  is  abundantly  contained,  was  dé- 
fcribed  under  the  generic  name  of  quartz.  The 
words  Jiliceoiis  earthy  are  yet  the  moft  fre- 
quently Synonymous,  as  an  adjedtive  naturally 
derived  from  the  word  jilex\ 

% Silex,  one  of  the  inoft  abundant  of  earths, 
forms  the  bafe  of  the  hardeft  ftones  which  ap- 
pear to  conftitute  the  nucleus  of  the  globe.  For 
this  reafon  it  has  been  regarded  as  the  primitive 
or  elementary  earth,  and  in  Some  fort  as  the 
pre-eminent  earth.  It  is  found  in  rock  cryftal, 
quartz,  flex,  agates,  jafpers,  of  which  it  forms 
the  bafe,  and  in  many  other  ftones  of  which 
it  forms  one  of  the  chief  constituent  parts  in 
combination  with  other  earths. 

3.  Nature  never  prefents  fiiex  Sufficiently 
pure  for  chemifts  to  employ  it  as  Such  in  their 
operations  ; it  is  Seldom  pure  enough  to  be  ufed 
even  in  the  proceftes  of  the  arts.  Some  tine 
and  almoil;  purely  quartzofe  Sands,  Separated 
from  foreign  bodies  which  are  mixed  with  the 
fiiex,  by  means  of  wathing  and  the  action  of 
acids,  may  anfwer  the  purposes  required  in  many 
manufactories,  particularly  in  glafs-houfes  and 
potteries.  But  the  land  or  Siliceous  earth  moft. 
appropriated  to  the  ufes  of  thefe  arts  being 
merely  fragments  of  quartz,  of  rock  cryftal 
rolled  or  worn  down,  and  containing  in  their 
intimate  composition  a combination  of  tiicx 
and  alumine,  or  even  of  other  earthy  fub- 
ftances,  it  is  not  in  this  fubftanee  Such  as  it 
comes  from  the  hands  of  Nature,  that  chemifts 
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can  find  pure  filex;  they  are  obliged  to  have 
recourfe  to  different  proceffes  to  purify  it. 

4.  Before  the  anaiyfes  of  the  moderns,  and 
principally  of  Scheele  and  of  Mr.  Klaproth,  it 
was  neceflary  to  be  contented  with  dividing 
and  pulverizing  the  fcintillant  ftones,  quartz, 
and  the  pureft  filex,  in  order  to  procure  this 
verifiable  earth.  Thefe  ftones  were  ignited  in 
the  fire  and  plunged  in  cold  water.  After 
having  thus  caufed  them  to  crack  in  pieces  by 
the  fudden  change  of  temperature,  they  are 
broken  and  crufiied  in  mortars  of  agate  or  of 
filex,  \ with  a little  water,  and  this  powder  is 
paffed  through  fieves  of  filk,  and  then  made  ufe 
of  as  pure  filex  : but  it  is  evident  that  it  is  only  . 
a pounded  ftone,  and  that  the  filex  is  far  from 
pofleffing  that  ftate  of  purity  which  actual  ana- 
lyfis  demands.  At  prefent,  it  is  by  more  com- 
plicated, but  more  certain  proceffes,  that  filex 

is  prepared  for  chemical  ufes.  It  is  by  fufion 
with  the  fixed  alkalis,  and  feparating  it  from 
its  folvent  by  means  of  the  acids  which  preci- 
pitate it,  that  pure  filex  is  obtained.  This 
procefs  will  again  be  treated  of  under  the  arti- 
cles of  the  fixed  alkalis. 

5.  Silex  prepared  by'  the  proceffes  here  indi- 
cated, has  the  form  of  a very  fine  white  pow- 
der, without  tafte  or  fmell,  the  ultimate 
particles  of  which  are  rude  and  liarfii  to  the 
touch.  When  it  is  rubbed  between  the  fingers* 
it  fcratches  and  wears  the  epidermis,  without 
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adhering  to  it  When  tailed,  it  is  rough  and 
dry  on  the  tongue. 

6.  Light  caufes  it  to  undergo  no  alteration. 
One  of  the  principal  characters  of  this  earth  is, 
that  it  is  perfectly  unalterable  by  heat,  however 
great  may  be  the  quantity  of  that  body,  which 
is  accumulated  in  it.  It  is  regarded  as  the 
rnoft  incombuftible  fubftance  in  nature.  It 
permits  heat  very  eafily  to  pafs  through  its 
molecules,  to  penetrate  it,  and  quickly  to  ex- 
hale ; its  capacity  for  this  matter  is  very  weak. 

7.  Silex  has  no  attraction  for  oxigen,  nor 
for  azote  ; it  does  not  attract  them  from  any 
body,  nor  alter  them  in  any  of  their  properties, 
when  it  is  expofed  to  the  contact  of  oxigen 
and  azote  gas  : hence  it  is  not  changed  by  the 
contact  of  the  air;  and  does  not  attract  any 
principle  from  it. 

8.  Neither  has.  it  any  attraction  for  the  Ample 
combuftible  bodies  ; it  has  no  action  on  hidro- 
gen,  carbon,  phofphorus,  fulphur,  nor  on  the 
carbonated,  pliofphorated,  and  fulphurated  hi- 
drogenous  gafes.  Lefs  hard  than  the  diamond, 
while  its  particles  are  combined  in  the  ftony 
aggregate,  it  can  be  worn  and  cut  by  that 
body.  It  aCts  mechanically  on  the  metals  in 
the  fame  manner  as  the  diamond  acts  on  it. 
When  it  is  rubbed  on  metallic  furfaces,  it 
fcratches,  wears,  and  furrows  them  ; and  if  it 
be  in  very  fine  powder,  the  muriate,  and  very 
numerous  fcratches  it  makes  on  their  furfaces, 
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give  them  a very  brilliant  polilli  : for  this 
reafon  it  is  ufed  to  clean  and  polilli  the 
metals.  Exclufive  of  thofe  mechanical  and 
mutual  actions,  no  attraction  exifts  between 
filver,  tlie  diamond,  and  the  metals. 

9 . Though  it  has  been  ufual  to  luppofe  in 
the  laboratories  of  chemiftry,  that  water  does 
not  act  on  filex,  which  is  true,  when  the 
particles  not  very  fmall,  and  polfeffmg  fome 
force  of  aggregation,  this  earth  is  neverthelefs 
capable  of  contracting  a ftrong  adherence  with 
water,  provided  it  be  extremely  divided  and 
attenuated,  as  it  ufually  is  in  the  fufions  and 
folutions  which  it  is  made  to  undergo  ; it  then 
forms,  with  liquid  water,  a tranfparent  jelly; 
it  is  even  totally  diffolved  in  it,  or  at  leaft  it 
remains  for  a long  time  fufpended  in  it,  as  I 
fhall  have  occafion  to  remark  hereafter.  Na- 
ture certainly  dilfolves  filex,  even  in  great 
quantities,  by  proceffes  which  are  yet  un- 
known to  us.  It  is  thus  that  it  forms  in  irene- 
ral  the  filiceous  cryftals,  the  ftalaCtites,  the  in- 
cruftations,  and  depofitions  of  the  fame  nature; 
it  is  thus  that  according  to  the  remark  of  Berg - 
mann,  the  water  of  the  boiling  fountain  of 
Geyfer,  in  Iceland,  after  fpouting  to  nearly 
thirty  metres  in  the  air,  depofits  in  falling  fo 
great  a quantity  of  filiceous  earth,  that  it  forms 
around  its  bafe  in  a fort  of  folid  cup  which  fur- 
mounts  and  envelopes  it.  The  adherence  of 
water  to  filex,  divided  by  the  operations  of 
.chemiftry,  in  which  it  allumes  the  form  of 
jelly,  is  not  annulled  but  by  the  ftrongeft  at- 
Vo Lo  II,  O trac- 
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tracions  : thus  we  find  that  the  filiceous  jelly, 
. much  dried  by  long  expofure  to  the  air,  lofes 
0,2S  of  its  weight  when  it  is  expofed  to  the 
temperature  which  fufes  filver. 

10.  Silex  forms  combinations  with  molt  of 
the  metallic  oxides.  Some  of  them  combine 
with  it,  or,  at  leaft,  adhere  to  it  more  or  lefs 
ferongly,  by  the  addition  of  a little  water,  and 
in  the  humid  way:  fuch  is  the  theory  of  the 
folidity  added  to  filiceous  cements  by  the  oxide 
of  iron  ; others,  and  the  gre-ateft  number,  unite 
with  it  only  in  the  dry  way,  and  by  fufion. 
Caloric,  by  favouring  thefe  combinations,  ex- 
hibits the  metallic  oxides  as  the  fluxes  of  filex. 
The  refult  in  general  of  thefe  vitrifications  are 
hard  and  coloured  frits,  or  enamels  ; which 
will  be  treated  in  detail  in  the  hiftory  of  each 
metal  in  particular.  I lliall  only  obferve  here, 
that  thefe  vitreous  and  coloured  combinations 
of  metallic  oxides  and  filex,  employed  in  the 
arts  of  the  nlafs  maker  and  the  enameller,  ah 
ways  fuppofe  the  neceflity  of  ufing  alkaline 
fluxes  ; which  announces  that  their  fufibility, 
very  weak  in  itfelf,  requires  the  affiflance  of  the 
fixed  alkalis, 

1 1.  Infallibility  in  the  acids  was,  feme  years 
ago,  one  of  the  mo  ft  marked  and  diftinfiive  cfla- 
rafters  of  filiceous  earth;  but  the  fcience  has 
acquired  much  on  this  point,  fmce  the  art  of 
anal  y fin  g hard  ftones  has  become  one  of  the 
moll  fimple  and  moil  frequently  exercifed  in  the 
laboratories  of  the  modern  chemifts.  It  was 
firft  difcoverecl  that  the  pholphoric  and  flo- 
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facie  acids  united  with  Alex  by  fufion  ; it 
was  then  difcovered  that  the  fluoric  acid,  even 
in  the  ftate  of  gas,  diffolved  it,  and  communi- 
cated to  it  its  invifibility  under  the  aerial  form. 
Laftly,  the  chemifts  experienced  in  treating  the 
hard  Atones  for  examination  and  analyfis,  have 
remarked,  that  filex  divided  by  the  alkaline 
fluxes,  remains  fufpended,  and  even  frequently 
diffolved  in  the  acids  which  were  employed  to 
precipitate  it,  and  that  it  cannot  be  feparated 
from  them  but  by  evaporating  to  dry  nefs  the 
liquors  which  held  it  fufpended.  It  is  princi- 
pally in  the  muriatic  acid  that  this  diffolving 
property,  with  regard  to  filex,  molt  fenflbly  ap- 
pears. However,  its  combinations  with  the 
acids,  if  the  fluoric  be  excepted,  are  of  little 
permanency.  When  diffolved,  or  fufpended  in 
thefe  fluids,  it  is  eafily  feparated  Horn  them  by 
evaporation  • their  union  is  quickly  annulled 
by  the  prefence  of  caloric* 

12.  Though  filex  is  never  pure  in  natural 
pro  duffs,  yet  as  the  ufes  to  which  it  is  particu- 
larly appropriated,  either  by  nature,  or  in  the 
arts,  depend  more  particularly  on  the  properties 
of  this  earth,  and  it  not  being  pofflble  to  fupply 
them  by  other  earthy  lubftances,  it  is  under 
this  article  that  what  concerns  thefe  ufes  ought 
to  be  placed.  I11  nature,  the  filiceous  hones 
are  manifeftly  deftined  to  form  the  folid  bale 
of  the  globe,  to  eonftitute  the  primitive  moun- 
tains, and  to  give  them  that  durability  which 
• renders  them  permanent  during  thefucceffive  re- 
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volutions  which  theftate  of  the  earth  undergoes. 
The  places  where  filiceous  earth  is  collected  un- 
der the  form  of  fand,  prefent  the  character  and 
effedts  of  its  dry  ne  fs  and  infolubility.  -In  the' 
immenfe  plains  which  it  forms,  the  winds  fre- 
quently tranfport  it  from  one  place  to  another, 
and  accumulate  moveable  mountains.  The  wa- 
ters continually  wadi  it  from  the  mountains 
into  the  vailles  the  motion  which  they  com- 
municate  to  it  wears  and  poli  flies  its  particles 
in  fuch  a manner,  that  tlicy  are  at  laft  rounded,, 
and  fo  glittering,  that  they  have  the  appearance 
of  a liquid.  Perpetually  carried  to  the  low  eft: 
parts  of  the  globe,  filex  forms  the  bottom  of 
Teas,  rivers,  rivulets,  and  brooks,  and  as  it  eafily 
permits  the  water  to  pafs  which  cannot  adt  on  it 
hut  with  difficulty,,  it  purifies,  or  rather  clari- 
fies, that  liquid,  the  quality  of  which  is  fo  much 
more  valuable,  as  it  has  remained  a longer  time 
on  filiceous  earths,  or  has  puffed  through  more 
e x t en  ft  v e ft  rata .. 

13.  The  ufes  df  filex  appear  to  he  ft  ill  more 
multiplied,  and  more  varied  in  the  arts  than  in 
nature.  In  the  form  of  fine  fand,.  the  cultivator 
fp reads  it  on  the  ftony,  or  loft  foil,  to  improve 
its  harfhnefs,  or  to  dry  its  furface  ; it  is  alTo 
placed  at  the  bottom  of  fountains,  or  of  refer- 
voirs  of  water  to  filter  it,  and  deprive  it  of  va- 
rious foreign  matters  which  render  it  turbid. 
The  hard  nefs  of  its  particles  caufe  it  to  be  em- 
ployed in  the  ftate  of  finall  fand,  to  clean,  or 
from*  metallic  vales,  and  utenfils.  Mixed  with 
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a «quantity  of  clay,  by  the  founders  of  metals, 
it  becomes  one  of  the  moft  ufeful  materials  of 
their  art;  to  form  the  moulds  in  which  the  fufed 
metals  are  caft  into  every  poffible  form,  from 
ftatues,  cylinders,  and  flys  the  moft  voluminous, 
to  caft  nails  of  the  fmalleft  fize,  and  moft  diffi- 
cult to  model.  Silex  alfo  under  the  form  of 
find,  of  gravel,  and  of  final!  pebbles,  forms  the 
•bafe  of  the  moft  durable  and  moft  folid  mortars 
and  cements  ; the  fragments  of  which  are  unit™ 
ed  by  paftes  of  lime  and  of  clay.  It  is  mixed  in 
different  proportions,  under  various  forms,  and 
in  Various  ftates,  in  all  the  potteries  of  ftone- 
ware,  of  earthenware,  and  of  porcelain,  to  which 
it  gives  its  own  refractory  qualities.  Under 
this  point  of  view,  filex  is  one  of  the  moft  im- 
portant materials  in  chemiftry.  Laftly,  this 
earth  is  alfo  the  true  bafts  of  the  art  of  giafs- 
making  ; ftnee,  on  the  one  hand,  it  enters  into 
the  neceffary  fabrication  of  the  furnaces  and 
pots,  and,  on  the  other,  it  forms  one  of  the  firft 
materials  of  glafs,  of  which  it  determines  the 
principal  properties  according  to  its  nature,  and 
its  proportions. 

14.  Very  pure  ft  lex  exifts  only  in  the  labora- 
tories of  chemiftry,  where  it  is  u-fed  in  the  de- 
monftrations  and  experiments  on  the  different 
properties  of  bodies.  In  the  hands  of  the  chemift 
it  fome times  becomes  the  proper  fubjecl  of  his 
labours,  and  fometimes  the  inftrument  of  his 
xefearches.  In  the  latter,  it  ferves  to  determine 
the  nature,  or  the  charaéteriftic  properties  of 
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other  fubftances,  principally  thofe  of  the  fixed 
' alkalis,  of  feme  acids,  of  feveral  faits,  as  will  be 
feen  in  detail  in  many  of  the  following  articles. 
It  is  equally  ufeful  in  the  docimafdc  treats 
ment  of  fome  ores. 


Article  XXL 
Concerning  Alum i n e . 

1.  ALUMINE  derives  its  name  from  alum  j 
it  is  derived  from  the  Latin  genitive  ahuninis  ■ 
the  reafon  of  this  denomination  is  founded  on 
the  confideration  that  this  earth,  which  forms 
the  bale  of  the  compound  fait,  named  alum, 
alume?i , is  pure  in  this  combination  only,  and 
from  this  alone  can  be  extracted  pure.  It  was 
formerly  named  argil,  or  argilaceous  earth  ; but 
thefe  names  ought  to  be  relerved  for  the  natural 
earthy  mixtures  to  which  they  belong,  and 
which  they  ought  exclufively  to  deferibe. 

% Alumine  has  been  long  confounded  with 
calcareous  earth  in  its  faline  combinations. 
Pott  and  Margraff  are  the  firft  who  diftinguilhed 
it,  and  remarked  that  it  does  not  afford  any  lime 
by  calcination.  Baron  and  Geoffroy  compared 
it  to  a metallic  earth.  In  1739,  Hellot  poll- 
lively  determined  that  the  bafe  of  alum,  feparat- 
ed  from  that  fait  by  an  alkalis,  is  pure  clay. 
Macquer,  in  1758  and  17b£,  explained  in  lève- 
rai memoirs,  inferted  among  thofe  of  the  acade- 
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my  of  fcîences,  moft  of  its  dihinctive  and  cha- 
racleriftic  properties.  Citizen  Baumé,  in  a large 
work  on  clays,  has  affirmed,  that  this  earth  al- 
ways contains  fulphuric  acid  elTential  to  its  na- 
ture, and  that  there  is  a ftrong  analogy  between 
filiceous  earth,  clay,  and  the  gypfum.  Thefe 
laid  notions  were  foon  proved  to  be  erroneous  by 
the  labours  of  Bergmann  and  of  Scheele.  Buf- 
foil  confidered  clay  as  fiiex  attenuated,  and,  as 
it  were,  rotted  by  the  action  of  water,  the  air, 
and  the  fun.  At  prefent,  all  chemihs  acknow- 
ledge alumine  to  be  a peculiar  earth,  and  do  not 
admit  thefe  forced  analogies,  and  hypothetical 
converfions  of  one  earth  into  another.  They 
are  convinced  that  thefe  pretended  tranfmuta- 
tions  have  been  founded  either  upon  ill-per- 
formed, deceptive  experiments,  or  inaccurate, 
or  falfe  obfer valions. 

3.  Though  alumine  is  found  very  frequently 
and  abundantly  in  nature,  it  is  never  met  with 
fuffieiently  pure  to  be  ufed  in  the  experiments  of 
.chemiftry,  and  as  it  is  impoflible  to  bring  native 
clays  to  the  hate  of  alumine,  by  any  hmple  pro- 
cell  es,  it  is  better  to  extract  it  from  alum,  by 
•decompofing  that  fait  by  the  alkali.  The  bafe 
of  alum,  feparated  from  fulphuric  acid  by  the 
alkalis,  is  precipitated  in  the  water  which  be- 
fore held  that  fait  in  folution  ; it  is  then  to  be 
walked  in  a large  quantity  of  pure,  cold,  and 
boiling  water  which  mult  be  agitated  a loim 
time  with  it  to  deprive  it  of  all  its  fait  ; it  is 
dried  in  the  air,  and  is  the  pure  alumine  of  the 
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laboratories.  It  is  very  difficult  to  deprive  it 
completely  of  the  alkali. 

4.  Alumine,  obtained  by  this  procefs,  has  the 
form  of  friable  fragments,  or  in  a white,  very 
fine  powder,  foft,  and,  as  it  were,  unfluous  un- 
der the  finger,  which  feels  worn  by  rubbing  it  ; 
without  definite  tafte;  it  fticks,  or  adheres 
clofely  to  the  tongue  and  organs  of  tafte,  which 
it  dries  and  contracts,  by  attrafling  their  fluids, 
and  produces  a (lightly  ftyptic  effect.  It  is  this 
which  is  named  the  earthy  tafte,  becaufe  it  is 
this  which  is  moft  commonly  produced  by  ap- 
plying an  earth  to  the  mouth  which  contains* 
enough  of  alumine  in  its  compofltion  to  pro- 
duce  this  tafte  very  fenfibly. 

5.  A peculiar  odour  is  emitted  from  this 
earth  when  it  is  moiffened,  or  when  diffufed  in 
water;  this  odour  is  fo  ftriking  that  it  is  enough, 
in  order  to  develop  it,  to  blow  or  breathe  the 
moift  and  warm  air  of  the  lungs  upon  dry  alu- 
mine. It  is  the  prefence  of  alumine  which 
gives  this  property  to  all  the  clays,  to  all  the 
argillaceous  earths  of  which  the  nature  and  cha- 
rafter,  though  they  may  not  be  eafily  determin- 
ed by  other  means,  fliow  themfelves  by  this  pro- 
perty in  a manner  which  is  feldom  equivocal. 

6.  The  pureft  filex  which  the  finds  prefent, 
is  tranfparent  and  cryftallinc  ; alumine,  on  the 
contrary,  appears  to  be  opaque  in  its  ultimate 
particles,  and  to  communicate  that  property  to 
1 tones,  in  which  it  enters  in  any  notable  quan- 
tity. Though  feme  of  thefe  are  tranfparent, 
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their  tranfparence  is  very  different  from  that  of 
iiiiceous  hones.  Alumine  alfo  gives  to  the 
earths,  and  even  to  the  ftoncs  of  which  it  forms 
a part,  an  arrangement,  or  texture  in  plates  or 
(mail  leaves  applied  to  each  other,  as  may  be 
feen  in  the  maries,  the  fchifti  and  fuller’s  earth. 
It  never  allumes,  by  its  Ample  aggregation,  a 
degree  of  hardnefs  like  that  of  the  iiiiceous 
(tones  ; it  does  not  poffefs,  m the  greater  number 
of  its  natural  combinations,  the  property  of  giving 
Are  by  the  ftroke  of  hard  heel.  The  fapphire,  in 
which  M.  Klaproth  has  found  0,98  of  alumine, 
forms  an  exception  to  this  rule  by  its  exceffive 
hardnefs  and  its  beautiful  tranfparence,  and 
fome  calcedonies,  as  Citizen  Vauquelin  has  ob~ 
lcrved,  exhale  an  aluminous  odour  by  tritura- 
tion, without  however  containing  alumine.  A 
few  exceptions  do  not,  however,  deftroy  a gene- 
ral rule. 

7.  Alumine  is  quite  unchangeable  by  the  con- 
lad  of  light,  which  it  totally  refleds.  Caloric 
exercifes  a fitrong  action  upon  alumine  : when  it 
is  rapidly  accumulated  in  great  quantity,  as 
with  the  flame  of  a candle,  animated  with  ox- 
igen  gas,  it  becomes  penetrated  with  light,  foft- 
ens,  and  melts  without  affirming  the  form  of  a 
globule.  When  cold,  it  prefents  an  opaque 
frit;  rough,  or  rarefied,  like  the  horn  of  a flag, 
according  to  the  expreffion  of  Lavoifier,  of  an 
pbfcure  green  colour,  and  fu fficiently  hard  to 
mark  glafs.  Burning-glaffes  do  not  produce 
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the  fame  effects.  When  alumine  is  expofed  to 
the  ft roii g fire  of  a furnace,  after  being  pre- 
vious y moiftened,  or  reduced  to  a pafte,  it  gra- 
dually lofes  the  water  it  contained,  contracts  in 
its  dimenfions,  dries,  foftens,  and  undergoes  a 
fern i- vitrification.  When  cold,  it  is  found  to 


have  acquired  a hardnefs  and  aggregation  much 
ftronger  than  before.  It  feems  to  have  a funned 
the  character  of  filex,  fmce  it  becomes  capable 
of  giving  fire  with  the  fteel  ; but  its  nature  is 
not  changed.  This  property  of  fhrinking  and 
hardening,  which  is  termed  baking,  is  the  bafis 


of  the  art  of  various  potteries. 

8.  Oxigen  and  azote  have  no  action  upon 
alumine,  neither  does  it,  in  any  refpect,  act  upon 
thefe  two  bodies  in  the  ftate  of  gas,  nor  upon 
the  atmofpheric  air  from  which  it  feizcs  only 
a fmall  portion  of  water,  when  itfelf  is  very  dry, 


and,  in  a courfe  of  time,  it  alfo  takes  up  car- 
bonic acid. 

9.  There  is  no  known  action  between  hidro- 
gen  and  alumine.  Hidrogen  gas  is  neither  al> 
forhed  nor  altered  by  this  earth.  It  lias  little 
adtion,  and  contracts  no  union  with  phofphorus. 
It  does  not  unite  with  fulphur  except  when  thefe 
two  bodies  are  in  contact,  and  minutely  di- 
vided ; as  when  the  fulphate  of  alumine  is  de- 
compofecl  by  charcoal,  and  fulphuret  of  alumine 
is  then  formed,  which  maybe  immediately  made 

V K! 

by  uniting  fulphur  and  this  earth,  either  in  the 
dry  or  in  the  humid  way.  The  remarkable  pro- 
perties of  this  fulphuret,  which  fpontaneoufly 
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takes  fire  by  expofure  to  the  air,  and  is  called 
pyroplioms,  when  it  contains  pot-ath  and  car- 
bon in  a very  divided  Hate,  will  be  explained 
in  the  hiftory  of  the  alum  which  is  ufe.d  to  form 
it. 

10.  Carbon,  the  diamond,  and  the  other  me- 
tals, do  not  appear  fufceptible  of  uniting  direct- 
ly with  alumine.  We  find,  however,  that  car- 
bon is  combined  with  this  earth  in  a confiderable 
number  of  bituminous  fofliis.  This  natural 
compound  comprehends  the  pit-coals,  which  are 
dry,  not  fufibie,  and  do  not  afford  oil  by  dift il- 
lation, and  which  are  carefully  diftinguithed 
from  the  true  pit-coal  by  their  properties. 
They  are  not  fimple  and  pure  combinations 
of  alumine  and  carbon,  for  they  alfo  contain 
iilex,  iron,  and  other  lubftances  ; they  are  called 
anthracites. 

11.  Alumine  has  much  more  attraction  for 
the  oxides  and  acids  than  filex  : it  exerts  a very 
ftrong*  action  upon  water:  when  this  earth  is  dry 
it  rapidly  abforbs  liquid  water,  and  buffers  it  to 
penetrate  into  its  pores,  until  they  are  in  a cer- 
tain refpect  faturated.  If  more  be  added,  the 
earth  becomes  foft,  patty,  and  duCtile  : in  this 
ltate,  it  may  be  kneaded,  moulded,  turned,  or 
fathioned  into  any  defired  form,  which  pro- 
perties conftitute  the  bafis  of  all  the  arts  of  pot- 
tery. À portion  of  this  water,  which  lias  been 
mixed  with  alumine  to  form  the  patte,  efcapes, 
and  flies  off  in  the  air,  the  pieces  which  were  at 
flrft  loft,  become  dry  and  friable  : if  the  drying 

be 


be  too  rapid,  the  alumine  cracks,  fplits,  fen  ae- 
rates into  leaves,  or  is  divided  into  a kind  of 
prifms  analogous  to  bafaltes.  In  the  baking  of 
the  paftes  of  clay,  even  when  the  fire  is  not 
urged  beyond  the  temperature  of  ignition  for 
filver,  alumine  lofes  0, 46  of  its  weight,  whence 
it  follows,  that  it  contains  near  half  its- weight 
of  water.  For  chemifts  know  that  this  earth, 
even  when  long  kept  in  a ftate  of  ignition,  does 
not  part  with  the  leaft  portion  of  earth  but  with 
sreat  difficulty.  The  hardnefs  it  contracts  by 
baking,  may  be  attributed  to  the  condenfation 
of  its  parts,  owing  to  the  volatilization  of  the 
water,  and  even  the  commencement  of  vitrifi- 
cation which  it  undergoes. 

12.  When  a pafte  of  alumine,  faturatcd  with 
water,  is  put  at  the  bottom  of  this  liquid,  it  retains 
it  and  prevents  it  flowing  through  its  pores. 
Such  is  the  fimplc  theory  of  the  waters  which 
are  detained  in  tub  terraneous  cavities,  and  af- 
terwards flow  out  of  the  earth  in  the  form  of 
fp rings  ; and  fuch  alfo  is  the  caufe  of  the  effect 
of  clay  in  fccuring  the  bottoms  of  ponds,  in 
which  water  is  intended  to  be  retained.  Some 
chemifts  have  thought  that  alumine  was  natu- 
rally foluble  in  water,  and  have  admitted  it  as 
a principle  in  certain  mineral  waters.  Berg- 
mann,  whole  accuracy  is  v eil  known,  obier ves 
that  the  clay,  which  ex i its  in  waters,  always 
renders  them  more  or  lefs  turbid.  It  is  confc- 
quently  lefs  foluble  than  filex.  It  never  forms 
a jelly  with  water  like  this  lait  earth,  nor  pre- 
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fents  native  tranfparent  cryftals  fimilar  to  thole 
of  lilex. 

13.  Alumine  is  of  all  the  earths  that  which 
has  the  ftrongeft  attraction  for  the  metallic 
oxides.  By  a flrong  fire  it  melts  with  them 
into  vitreous  frits,  more  or  lefs  coloured  ; fuch 


are  the  coverings  of  fome  of  the  common  pot- 
teries. In  the  humid  way  the  union  of  alumine 
with  the  metallic  oxides  is  made  with  fo  much 
facility,  that  remarkable  and  very  durable  com- 
binations are  thus  obtained.  Nature  prefents 
many  of  thefe  compounds  made  by  means  of 
water:  the  ochres  are  all  of  this  clafs.  Art 
continually  employs  them,  either  in  oil  colours, 
or  in  crayons,  or  in  the  art  of  dyeing,  as  will  be 
iliown  hereafter.  The  attraction  of  alumine  for 
the  metallic  oxides  is  fuch,  that  when  once  unit- 
ed with  thefe  bodies,  even  in  the  humid  way,  it 
defends  them  from  the  attractions  of  which 
they  would  be  capable,  more  ^particularly  from 
that  of  the  un  burning  by  light,  or  more  ad- 
vanced oxidation  by  the  contaCf  of  air. 

14.  There  is  no  acid  with  which  alumine  is 
not  capable  of  uniting.  It  forms  with  them 
faits,  fome  of  which  are  foluble  and  cryftal- 
lizable  ; moft  of  them  are  infoluble,  and  feveral 
allume  an  excels  of  acid,  though  the  degrees 
of  attraction  of  this  falifiable  bale  for  the  lève- 


rai acids  are  yet  but  imperfectly  known.  It  is 

neverthelefs  known,  that  the  fulphuric  acid 

adheres  the  molt  ftrongly  of  any  ; and  that  the 

•nitric  acid  afterwards  follows,  and  then  the 

« 
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muriatic.  With  refpect  to  the  others,  particu- 
larly the  phofphoric  and  fluoric  acids,  their  at- 
traction for  alumine  is  not  exactly  known. 
The  boracic  and  carbonic  acids  combine  the 
moft  difficultly,  and  adhere  the  leaft  to  it  of 
any. 

15.  Alumine  has  a marked  attraction  for 
fdex,  and  combines  more  or  lefs  with  it  by  all 
the  known  proceffes.  In  the  humid  way  thefe 
two  earths  contract  an  adherence  which  con- 
nects them  together,  and  forms  a kind  of  mor- 
tar capable  of  hardening  and  becoming  little 
alterable  by  the  air.  The  addition  of  the  me- 
tallic oxides  increafes  the  hardnefs  of  thefe  ce- 
ments Hill  more.  It  appears  that  the  balls  of 
the  precious  floues  or  gems  in  cryftals,  is  a 
fimilar  compound.  In  the  dry  way,  alumine 
united  to  fdex  melts  eafdy  and  forms  an  opaque 
glafs.  An  elevated  temperature,  and  fucli  a 
proportion  of  the  materials  is  required,  that  the 
alumine  thall  form  at  leaft  half  the  compound.- 
All  the  hard  potteries  are  mere  compounds  of 
alumine  and  fllex  ; of  which  the  doles  are  io 
proportioned  that  the  former  does  not  predomi- 
nate : without  which  condition  the  potteries, 
being  more  or  lefs  fufible,  would  allume  in  their 
baking  the  vitreous  character  which  they  are 
not  required  to  have.  By  varying  the  propor- 
tions of  thefe  two  fubftances,  potteries  of  va- 
riable hardnefs  are  fabricated  ; more  or  lefs 
fufceptible  of  vitrification  and  unchangeable- 
nefs,  and  more  or  lefs  capable  of  fupporting 
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fudclen  alterations  of  temperature,  and  refitting 
the  action  of  a violent  tire. 

16.  An  attention  to  the  ft udy  of  alumine 
lias  Angularly  contributed  to  the  advancement 
of  chemiftry,  and  the  improvement  of  the  che- 
mical arts.  It  has  been  more  particularly  ad- 
vantageous to  the  perfection  of  pottery  ; and 
the  induftrious  Wedgwood  is  indebted  to  this 


kind  of  refearch  for  the  improvements  he  has 
made  in  his  manufacture  of  the  different  kinds 
of  baked  earths.  This  manufacturer,  who  was 
a ikilful  pholofopher,  has  availed  himfelf  of  the 
contraction  of  alumine  during  its  baking,  to 
conftruCt  a kind  of  pyrometer,  or  thermometer, 
which  marks,  with  conftderable  exaCtnefs,  the 
degrees  of  heat  which  the  dilatation  of  liquids 
can  no  longer  indicate,  on  account  of  the  aeri- 
form ftate  which  the  elevated  temperature  pro- 
duces in  fuch  bodies.  Several  chemical  veffels 
alfo  depend  on  the  ufe  of  alumine  in  the  dif- 
ferent mixtures  of  pottery  for  their  perfection. 
The  hiftory  of  our  knowledge  acquired  refpeCt- 
ing  alumine  is,  therefore,  connected  with  that  of 
the  progrefs  of  the  arts  ; from  the  Etrufcans 
and  the  Chinefe  down  to  the  fine  French  porce- 
lains ; as  it  is  alfo  to  the  progrefs  of  information 
from  the  ancient  obfervation  of  the  diminution 
of  bulk  in  baked  bricks,  to  the  modern  ufe  of 
the  pyrométrie  pieces  of  Wedgwood. 

17.  The  ufes  of  alumine  may  be  confidered 
with  regard  to  its  natural  fttuations,  and  alfo  to 
its  applications  in  the  arts.  They  are  no  lefs 
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multiplied  in  the  proceftes  of  the  former,  than 
in  the  experiments  of  the  latter.  Alumine  pre- 
tides  over  a great  number  of  natural  phenome- 
na. Formed,  as  it  fliould  appear,  in  the  bofom 
of  the  ocean  by  a combination  and  mechanifm 
"which  are  equally  unknown  to  philofopliers  ; — » 
depofited  in  horizontal,  or  inclined  ft  rata,  or 
even  in  particular  maftes,  it  con  fti  Lutes  part  of 
the  mountains;  it  is  fometimes  found  in  the 
clefts  of  rocks;  it  .moft  frequently  compofes  the 
muddy  foil  of  vallies,  and  humid  low  mardi  y 
plains  : it  is  found  at  the  bottom  of  lakes  and 
•fp rings.  This  fubftance  prevents  the  filtration 
of  fubterraneous  waters,  and  is  the  caufe  of  thofe 
fprings  which  iftue  from  the  furface  of  the  globe, 
and  the  maftes  of  water  which  fill  its  cavities. 
When  mixed  with  a greater  or  lefs  quantity  of 
filex,  lime,  bitumen,  fulphuret,  and  metallic  ox- 
ides, when  coloured  with  different  fhades,  more, 
or  lefs  fine,  foft,  dwftile,  dry,  friable,  foliated, 
it  produces  the  fat  earths,  fullers’  earth,  boles, 
and  other  claftes  ufed  in  fcouring,  &c.  The 
folid,  compact,  tenacious  earths,  which  are  com- 
monly called  arable  foils,  are  in  great  part 
compofed  of  this  earth.  It, enters  into  the 
fchifti,  dates,  fteatites,  aibefti,  Terpentines,  and 
even  the  hardeft  gems.  It  is  one  of  thofe  ma- 
terials which  are  moft  frequently  employed  by 
Nature  in  the  formation  of  foft  ils. 

* 

1 8.  Art,  by  imitating  the  proceftes  of  Nature, 
has  Angularly  multiplied  the  ufes  of  this  earth. 
When  pure,  and  extracted  by  chemical  means, 

it 


ALUMINE. 


t 


20  9 


it  is  only  ufed  in  the  laboratories  of  experiments 
tor  the  competition  of  faits  for  earthy  mixtures, 
and  for  the  fabrication  of  the  thermometric  cv- 

^ %j 

linders  of  Wedgwood.  When  more  or  lefs 
mixed,  foftened,  purified,  macerated  in  water, 
and  ground,  it  forms  the  bads  of  all  potteries 
from  bricks  and  garden  pots,  to  the  molt  va- 
luable porcelains.  It  is  ufed  to  fecure  the  bot- 
toms of  ponds  and  canals,  in  which  water  is  in- 
tended to  be  retained  and  preferved.  It  is  mix- 
ed with  the  lighter  lean  earths,  to  counteract 
the  effects  of  too  much  fand  and  chalk,  which 
injure '"their  confidence,  and  prevent  their  re- 
taining water  fufficiently  to  fupport  the  vegeta- 
tion of  ufeful  plants.  This  earth  is  ufed  to  co- 
lour and  whiten  duffs,  as  well  as  to  take  out 
fpots  of  greafe,  and  it  is  one  of  the  mod  ufeful 
ingredients  in  cements.  When  expofed  to  the 
vapour  of  burning  fulphur  it  abforbs  the  fill- 
phureous  acid,  and  becomes  converted  into  ar- 
tificial alum,  in  the  modern  chemical  manufac- 
tories. When  ftrongly  heated  with  various  faits 
in  a proper  apparatus,  it  effects  their  decompofi- 
tions,  and  feparates  their  principles.  When  ap- 
plied in  a fufficiently  diluted  date  upon  glafs, 
and  various  veffels,  it  forms  a covering  of  lute 
which  redds  the  fire,  and  defends  them  from  its 
too  ftrong,  or  fudden  abiion.  By  kneading,  or 
beating  with  boiled  linfeed  only,  it  becomes 
converted  into  fat  lute,  which  is  ufed  to  hop 
the  junctures  of  earthen,  or  glafs  veffels.  It  is 
ufed  to  retain,  or  faden  the  covers  of  crucibles 
Vol.  II.  P and 
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and  to  clofe  or  ftop  the  cavities  of  the  joints 
of  furnaces,  See.  It  is  alfo  employed,  with 
much  advantage,  in  the  conftrueiion  of  ovens, 
in  large  furnaces,  in  chemical  workfhops, 
and  extemporaneous  furnaces,  of  which  the 
form  and  dimenfions  may  be  eafily  varied. 
Laftly,  the  fame  natural  compounds,  of  which 
it  conftitutes  a part,  ferve  to  give  a fine  edge  to 
inftruments  of  the  fir  ft.  neceffity,  a foftnefs,  and 
fmoothnefs  which  renders  'their  ufe  more  con- 
venient, and  their  action  more  moderate. 
Hence  it  may  be  concluded,  that  there  is  no 
fubftance  more  ufeful  to  fociety  than  alumine. 


Article  IV. 

Cone ern in 2 Zi rcone. 

i.  ZIRCONE  is  named  from  one  of  the  deno- 
minations of  the  jargon  of  Ceylon,  a kind  of  cryf- 
tallized  Rone  refembling  the  diamond,  which 
is  found  in  this  ifland,  from  which  Mr.  Klaproth, 
chemiR,  of  Berlin,  extracted  this  earth  before  the 
year  1793,  the  epoch  a of  another  fimilar  dif- 
covery,  which  will  be  mentioned  in  one  of  the 
following  articles.  The  remarkable  properties 
winch  prefented  themfelves  to  him  in  the  ana- 
lyfis  of  the  jargon,  induced  him  to  conRder  it 
as  very  different  from  every  other  earth.  Soon 
afterwards,  he  found  it  in  the  oriental  hyacinth. 
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Citizen  G niton  has  extracted  it  from  the  hya- 
cinths of  the  brook  ofExpailly,  in  France.  Citi- 
zen Vauquelin  has  obtained  it  abundantly  from 
that  ftone  which  was  formerly  placed  in  collec- 
tions of  the  Materia  Medica,  to  be  ufed  in 
fome  pharmaceutic  comportions. 

2.  To  extract  zircone  from  thefe  ft  on  es;  after 
having  pulverized  them  in  a mortar  of  filex, 
and  fuled  them  in  a crucible  of  filver,  with  five 
or  fix  times  their  weight  of  pure  pot-alh,  the 
filled  mais  is  treated  with  water,  which  diffolves 
the  alkali  without  touching  the  zircone,  mixed 
with  filex,  with  which  it  was  combined  before 
the  fufion.  The  remainder  of  this  lixivium  is 
afterwards  diffolved  by  the  muriatic  acid,  which 
i-s  heated  in  order  to  leparate  the  filex  by  fpon- 
taneous  depolition,  and  from  which  the  zircone 
is  afterwards  precipitated  by  cauftic  fixed  alkali. 
When  no  further  depolition  is  produced  by 
heat,  the  precipitate,  which  is  the  pure  zircone, 
is  then  well  walked  with  water.  It  may  alfo  be 
obtained  by  decomposing  by  fire,  the  muriatic 
folution  of  zircone,  made  with  the  jargon,  or 
hyacinth,  fufcd  with  pot-afli,  and  lixiviated. 

3.  Zircone  thus  prepared,  is  a line  white  pow- 
der, almoft  loft  under  the  finger  when  rubbed  j 
taltelefs,  and  without  fmell.  When  it  retains  a 

«■V 

certain  quantity  of  water  between  its  particles, 
it  affumes  the  form  of  a femi-tranfparent  jelly 
of  a white  colour  refembling  horn.  This  is 
merely  a factitious,  tranfient,  and  accidental 
* difpofition.  The  fpecific  gravity  of  this  earth, 
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when  its  particles  are  united  again  by  aggre- 
gation amounts  to  4300. 

4.  Light  has  no  action  upon  zircone.  Ca- 
loric caufes  it  to  undergo  fome  change  in  pe- 
culiar circumftances  only.  Thus  when  heated 
with  the  blow-pipe,  it  remains  infufible,  and 
emits  a phofphoric  yellowifh  light  ; but  when 
it  is  heated  in  a crucible  of  charcoal,  bedded  in 
charcoal  powder,  and  placed  in  a crucible  of 
earth,  expofed  to  a good  forge  tire  for  fome 
hours,  it  undergoes  a pally  fufion,  fufficient  only 
to  caufe  its  particles  to  come  together  without 
lofing  their  tranfparency,  and  without  acquiring 
a truly  vitreous  form.  In  this  hate  it  is  con- 
traéled,  extremely  hard,  gives  fire  with  the 
fteel,  has  a flightly  brilliant,  vitreous  f raclure,  or 
rather  refembles  porcelain  in  that  refpcéï,  eafily 
marking  and  cutting  glafs,  and  of  a grey  Hate- 
colour  to  its  centre.  And,  in  this  hate,  it  has 
the  fpecific  gravity  before  mentioned. 

5.  Zircone  has  no  attraction  for  oxigcn,  nor 
azote,  neither  does  it  aft  on  the  one  or  the  other 
of  thefe  bodies  in  the  ftate  of  gas,  whether  fe- 
parately,  or  when  they  form  atmofpheric  air  by 
their  mixture.  It  does  not  perceptibly  act  upon 
the  water,  nor  carbonic  acid  of  the  air. 

6.  The  action  of  zircone  upon  hidrogen,  car- 
bon, phofphorus,  fulphur.  the  diamond,  and  the 
metals,  is  abfolutely  none;  but  when  it  is  heat- 
ed in  the  mid  it  of  charcoal,  it  retains  a portion 
which  adheres  to  its  furface,  and  colours  it 
When  rubbed  on  metals,  it  ferat dies  and  wears 
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their  furface  on  account  of  the  hardnefs  of  its 
particles. 

7.  Zircone  is  infoluble  in  water,  but  it  con- 
tradts  a remarkable  adlierence  with  it  like  filex, 
and  then  forms  a tranfparent  jelly.  When  dried 
at  the  temperature  of  ignition  of  hiver,  that  is 
to  fay,  in  a crucible  of  this  metal  made  red-hot, 
it  is  found  to  lofe  0,37  of  its  weight;  confe- 
quently  it  retained,  between  its  particles,  more 
than  one-third  part  of  its  weight  of  water  ; 
though  when  once  dried  in  the  pulverulent  form, 
it  becomes  entirely  infoluble.  After  ignition 
in  a crucible  in  order  to  dry  itftrongly,  zircone 
is  found  to  have  loft  its  whitenefs,  and  to  become 
grey  and  hard,  crackling  between  the  teeth, 
and  is  much  lefs  eafily  loluble  in  acids. 

8.  Though  the  adtion  of  this  newly-difcover- 
ed  earth  upon  the  metallic  oxides  is  frill  little 
known,  it  has  already  been  feen  that  it  is  fimi- 
lar  to  the  aétion  of  filex,  which  it  refembles  in 
this  property,  as  well  as  in  feveral  others. 

9.  It  unites  with  all  the  acids,  and  forms  with 
them  faits  which  will  be  examined  in  the  follow- 
ing  fedtion.  We  nruft  here  note,  as  general  pro- 
perties of  its  faline  combinations,  that  the  faits 
which  it  forms,  with  the  fulphuric,  phofphoric, 
and  carbonic  acids,  are  infoluble.  The  order  of 
its  affinities  for  the  acids  has  not  been  exactly 
determined.  It  appears  greatly  to  referable  that 
of  alumine.  It  has  already  been  obfcrved  that 
zircone,  hardened  in  fire,  or  fufed  in  charcoal, 
is  much  lefs,  or  not  at  allfoluble  in  acids. 

1 0.  Notwith- 
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10.  Notwithstanding  the  few  refearches 

CD 

which  have  yet  been  made  refpeeting  zircone, 
it  has  been  discovered  that  it  may  be  fufed  with 
filex,  and  even  with  alumine  ; and  that  a mix- 
ture of  thefe  three  earths  is  ftili  more  fufcepti- 
ble  of  becoming  foft  before  the  blow-pipe,  than 
any  two  taken  together.  We  thall  fee  that  this 
is  a general  fact  with  regard  to  the  mutual 
action  of  all  the  earths  with  each  other. 

11.  The  properties  of  zircone  referable  fdex 
in  certain  refpedts.  The  fame  hardnefs  of  par- 
ticles is  obfervable  in  both,  the  fame  infipidity, 
the  fame  want  of  odour,  the  fame  infoluhility 
in  water,  and  the  fame  tendency  to  adhere  to 
that  fluid,  or  retain  it,  in  a very  attenuated 
hate.  On  the  other  hand  zircone  differs  from 

it  by  its  fpecific  gravity,  which  is  greater  than  ^ 
that  of  filex,  its  imperfect  fufibility  in  the  midft 
of  charcoal,  its  folubility  in  acids,  which  is  fo 

: — i 

much  greater  than  that  of  fdex,  that  a folution 
of  both  earths  in  the  muriatic  acid,  lets  fall  the 
filex  by  evaporation,  and  retains  the  zircone. 

12.  Another  ftili  more  ftriking  difference 
than  the  foregoing,  is  the  manner  in  which  zir- 
cone is  acted  upon  by  the  alkalis,  This  dif- 
ference ferves,  befides,  to  diftinguifli  it  from 
alumine.  Being  totally  infoluble  in  the  fixed 
alkalis,  it  differs  greatly  from  filex  in  this  re- 
ipect,  which. is  very  foluble,  and  from  alumine, 
which  contracts  a ftili  more  intimate  union 
with  thefe  bodies  than  filex,  as  will  be  fliown  in 
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the  following  articles  in  the  details  relative  to 
thefe  alkaline  combinations. 

13.  The  faits  which  it  forms  with  the  acids, 
eftablilh  ftill  greater  differences  between  filex, 
alumine,  and  zircone.  Its  attractions  for  thefe 
bodies  like  wife  follow  another  order  than  thofe 
of  the  two  former  earthly  bafes.  They  afford 
characters  fufficient  to  diftinguiih  zircone  from 
every  other  body,  and  it  is  in  fa<5t  from  the 
confideration  of  the  whole  of  thefe  properties 
that  Mr.  Klaproth  has  admitted  it  to  be  a pecu- 
liar earth.  The  whole  of  thefe  confideration s 
will  be  given  in  the  feftion  of  falts. 

14.  Zircone  has  not  yet  been  applied  to  any 
ufe.  It  will,  no  doubt,  hereafter  become  ufeful 
either  in  chemical  analyfes,  or  the  procédés  of 
the  arts.  But  in  that  cafe  we  muff  fir  ft  fuc- 
ceed  in  finding  it  in  greater  abundance,  and 
alfo  in  the  difcovery  of  more  (impie  and  econo- 
mical procédés  than  any  yet  known,  to  extract 
it  from  the  (tony  compounds  in  which  it  is 
contained, 


Article  V. 

Concerning  Giucine . 

1.  GLUCINE  is  a new  earth,  difcoyercd  dur- 
ing the  winter  of  the  year  6,  of  the  French  re- 
* public,  by  Citizen  Vauquelin,  firft  in  the  aqua 
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marine  or  beryl,  and  afterwards  in  the  emerald. 
The  occafion  of  thefe  difcoveries  was  the  exaét 
and  comparative  analyfis  of  thefe  two  hones, 
made  with  great  care  by  that  chemift,  on  the 
invitation  of  Citizen  Haiiy,  who  having  dif- 
covered  a perfect  conformity  between  them,  as 
to  ftrudlure,  hardnefs,  and  fpecilic  gravity;  and 
fnfpedting  that  they  might  contain  the  fame 
principles,  defired  that  tkilful  chemift  to  afcer- 
tain  the  truth,  by  comparative  analyfis.  We 
are,  therefore,  in  a certain  refpect  indebted  to 
geometry  for  the  origin  of  this  difcovery.  That 
fcience  afforded  the  firft  notion,  and  we  mav 
affirm,  that  without  its  co-operation,  the  know- 
ledge of  this  new  earth  would  not  for  a long 
time  have  been  acquired,  fince,  according  to  the 
analyfis  of  the  emerald,  by  Klaproth,  and  that 
of  the  beryl  by  Rindheim,  the  examination 
would  not  probably  have  been  recommended, 
but  in  confequence  of  the  ftrong  analogy  or 
identity  nearly  perfeét,  which  Citizen  Haiiy 
found  in  the  geometric  properties  of  thefe  two 
ftony  foffiis. 

2.  The  firft  notion  of  the  exiftence  and  par- 
ticular nature  of  glucine,  occurred  to  Citizen 
Vauquelin  from  the  manner  in  which  this  fub- 
ftance  is  changed  by  re-agents;  its  lefs  effectual 
folution  in  pot-afh  than  that  of  alumine,  w7ith 
which  it  was  confounded  by  Meffrs.  Rindheim 
and  Klaproth,  and  even  by  Vauquelin  himfelf. 
Obferving  that  a portion  of  the  fuppofed  alu- 
mine, extracted  from  the  beryl,  prefented  re- 
fill ts 
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fuîts  different  from  thofe  which  that  earth 
ufually  offers  in  its  treatment,  he  examined  this 
portion  with  much  care,  and  ascertained  by 
numerous  experiments  that  it  truly  differs  from 
alumine,  which  it  refembles;  and  alfo  from  the 
other  earths,  which  it  relembles  much  leis*  No 
doubt  could  remain  with  him  refpe&ing  thefe 
differences,  and  confequently  its  peculiar  exig- 
ence, becaufe  this  earth  treated  with  the  acids, 
the  alkalis,  and  the  various  faits,  has  con- 
ffantly  exhibited  diftinCfive  characters  ; and 
becaufe  he  has  found  its  attractions  in  parti- 
cular to  be  very  different  from  thofe  of  the 
other  earths,  efpecially  from  alumine,  with 
which  it  was  found  mixed  and  confounded, 
in  the  analyfis  hitherto  made  of  the  beryl,  the 
emerald,  and  probably  even  the  other  hones  in 
which  there  is  alfo  reafon  to  fufpeCt  its  exift- 
once. 

3.  Among  the  fpccific  and  charaCteriftic  pro- 
perties of  this  new  earth,  difcovered  by  Citizen 
Yauquelin,  that  which  has  appeared  the  molt 
capable  of  diftinguifhing  it,  being  the  faccha- 
rine  tafte  which  it  gives  to  its  combinations 
with  the  acids,  we  have  concluded,  in  confe- 
quence  of  a difcuffion  between  Citizen  Vau- 
quelin,  G niton,  Chaptal,  and  myfelf,  refpeCting 
the  name  it  ought  to  receive,  that  the  word 
glucine,  derived  from  the  Greek  words  y\vKv$ 
fweet,  yA’JHu  fweet  wine,  yXu xutvuv,  to  render 
fweet,  is  moft  appropriate.  This  determination 
appeared  to  us  well  calculated  to  affift  the 
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memory,  by  recalling  that  property  in  which  it 
fenfibly  differs  from  all  the  other  earths.  We 
have  ftippofed  that  without  prefenting  notions 
falfely  conclufive,  as  would  have  been  the  cafe 
if  vtc  had  derived  its  name  from  the  hone 
which  afforded  the  firft  product,  or  the  place 
whence  it  was  obtained,  it  could  not  allume,  in 
its  etymology,  a fenfe  too  Unfitly  determinate, 
and  that  we  thould  by  this  .proceeding  confine 
ourfelves  to  principles  of  nomenclature,  no 
lets  fuited  to  advance  the  fcience  than  to  facili- 
tate its  ftudy, 

4.  As  it  is  more  particularly  from  the  pro- 
perty of  not  forming  alum  with  the  fulphuric 
acid  and  pot-afh,  as  alumine  does  ; and  alfo  by 
that  of  its  folubility  in  the  liquid  carbonate  of 
ammonia,  which  alumine  does  not  poffefs,  that 
Citizen  Vauquelin  has  admitted  glucine  to  be 
a particular  earth,  different  from  thefe  laft  ; he 
more  particularly  availed  himlelf  of  thefe  two 
procédés  to  feparate  glucine  from  the  other 
earths  with  which  it  is  combined  in  the  ffones 

■V 

hitherto  found  to  contain  it.  Accordingly  he 
takes  100  parts  of  beryl  or  emerald,  and  re- 
duces  it  to  fine  powder,  in  a mortar  of  filex. 
Thefe  are  fufed  in  a filver  crucible,  with  300 
parts  of  cauftic  pot-afh  ; the  fufed  rnafs  is  dif- 
fufed  in  diftilled  water,  and  the  whole  diffolved 
in  muriatic  acid.  The  folution  is  then  eva- 
porated, taking  care  to  ftir  it  towards  the  end 
of  the  evaporation.  The  refidue  is  in  the  next 
place  mixed  with  a large  quantity  of  water,  and 
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filtered  ; in  confequence  of  which  the  filex 
is  feparated  and  obtained  apart.  The  filtered 
liquor,  which  contains  the  muriates  of  alumine 
and  of  glucine,  is  precipitated  by  the  carbo- 
nate of  pot-alh  ; this  precipitate  is  well  wafhed 
and  diifolved  in  the  fulphuric  acid.  To  the 
folution  is  added  a certain  quantity  of  fulphate 
of  pot-afh,  and  the  cryftallized  alumine  is  ob- 
tained by  evaporation.  When  by  a new  addi- 
tion of  fulphate  of  pot-afh  and  renewed  evapo- 
ration, the  fluid  no  longer  affords  alum  ; the 
folution  of  the  carbonate  of  ammonia  is  to  be 
added  in  excefs,  and  the  whole  ftrongly  fhaken, 
The  glucine  after  having  fallen  down,  becomes 
diffolved  by  means  of  the  excefs  of  this  fait, 
and  the  fmall  quantity  of  alumine  which  might 
be  mixed  with  it,  remains  precipitated  without 
folution.  After  feveral  hours,  when  it  is  found 
that  by  the  new  addition  of  carbonate  of  am- 
monia, and  agitation,  the  aluminous  precipitate 
buffers  no  further  lofs  of  its  volume,  the  liquid 
is  filtered,  and  boiled  in  a glafs  body  or  capfule 
of  porcelain.  In  proportion  as  the  carbonate 
evaporates,  a white  granulated  powder  falls 
down,  which  is  the  carbonate  of  glucine,  and 
from  which  the  carbonic  acid  is  eaflly  feparated 
by  flight  ignition  in  a crucible.  By  this  means 
the  pure  glucine  is  obtained,  in  the  proportion 
of  15  or  1 6 per  cent,  of  the  beryl  or  emerald 
made  ufe  of.  This  procefs  may  be  hereafter 
employed  to  afeertain  the  exiftence  of  glucine 
‘in  other  Hones,  in  which  it  is  probable  that  it 
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accompanies  iilex  and  alumine,  and  by  that 
means  to  difcover  a method  of  procuring  a 
greater  quantity  than  that  which  Citizen  Vau- 
quelin  has  extracted  from  the  two  ftony  foffils 
here  mentioned,  which  befides  are  very  fcarce 
and  coftly. 

5.  Glucine  prepared  by  the  foregoing  pro- 
ceis,  has  the  form  of  a powder,  or  white  frag- 
ments, light,  foft  under  th.e  touch,  infipid  and 
adhefive  to  the  tongue.  It  is  perfectly  apyrous 
and  infutible  by  fire,  and  neither  Ihrinks  nor 
hardens  like  alumine.  Its  fpecific  gravity  is 
not  yet  known,  nor  is  it  capable  of  changing 
blue  vegetable  colours. 

6.  Though  the  means  of  afcertaining  its  pro- 
perties with  accuracy  have  hitherto  been  few, 
it  appears  to  follow  from  the  experiments  to 
which  it  has  been  fubjected,  that  it  is  un- 
changeable by  oxigen  gas  and  azote  gas  ; that 
it  undergoes  no  alteration  in  the  air,  and  does 
not  perceptibly  abforb  moifture  or  carbonic 
acid. 

7.  We  are  not  acquainted  with  any  union 
between  glucine,  hidrogen,  carbon,  phofphorus, 
or  fulphur.  It  is  not  capable  of  uniting  with 
any  combuftible  body  but  fulphurated  hidro- 
gen. When  this  body,  in  the  hate  of  gas,  is 
palled  into  water  in  which  glucine  is  fufpended, 
the  earth  is  diffolved,  and  forms  an  hidro-ful- 
phuret,  of  which  the  properties  are  fimilar  to 
thole  of  many  compounds  of  the  fame  na- 
ture, which  will  be  defcribed  in  the  following 
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articles.  We  (hall  like  wife  obferve,  that  when 
the  fulphate  of  glucinc  is  decompofed  by  car- 
bon, a fimilar  combination  is  obtained.  This 
property  of  forming  an  hidro-fulphuret  likewife 
conftitutes  a difference  between  this  earth  and 
the  preceding*,  and  affim dates  it  to  the  alka- 
line earths,  which  we  fliall  examine  in  the  fol- 
lowing articles. 

8.  Glucine  is  infoluble  in  water,  but  it 
forms  with  this  liquid  in  a fmall  quantity,  a 
pafte  (lightly  ductile,  which  is  neither  fo  fmooth 
nor  tenacious  as  that  of  alumine,  and  is  not 
fufceptible  of  induration  by  heat.  Its  action 
upon  the  metallic  oxides,  as  well  as  that  which 
it  may  have  upon  the  burned  bodies,  is  yet 
unknown. 

9.  It  eafdy  unites  with  all  the  acids,  and 
forms  with  molt  of  them  foluble  faccharine 
hilts,  (lightly  aftringent,  and  difficultly  cry- 
ftallizable.  Its  attractions  for  thefe  bodies  ap- 
pear to  hold  the  following  order:  fulphuric 
acid,  nitric  acid,  muriatic  acid,  phofphoric 
acid,  fluoric  acid,  boracic  acid,  and  carbonic 
acid.  This  is  the  order  which  moft  of  the 
earthy  bales  follow  which  are  fufceptible  of 
combining  with  thefe  compounds. 

10.  The  order  of  the  attractions  for  the  acids, 
compared  with  that  of  different  earthy  and  al- 
kaline bafes,  appears  to  be  fuch,  that  it  yields 
its  place  to  all  thofe  bafes,  if  we  except  alu- 
mine, zircone,  and  (ilex  ; fo  that  its  faits  are 
decompofed  by  all  the  others,  and  it  decompofes 

only 
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only  thofe  which  are  formed  by  the  acids  with 
thefe  three  laft  earths.  We  muft  obferve,  that 
in  order  to  obtain  the  faits  of  glucine  in  a fcate 
of  purity,  and  to  clear  them  from  a fmall  por- 
tion of  oxide  of  iron  or  of  chrome,  which  they 
often  retain  in  confequence  of  the  exiftence  of 
thefe  two  metallic  colouring  matters  in  the 
beryl  and  the  emerald,  from  which  the  glucine 
is  extracted,  Citizen  V auquel  in  has  fuccefs- 
fully  ufed  the  alkaline  hidro-fulphuret,  a com- 
pound, which  will  be  defcribed  hereafter,  and 
which  has  the  property  of  precipitating  the 
metallic  oxides  without  afedting  the  glucine* 
The  hidro-fulphurated  alkali  muft  be  well  fa- 
turated,  in  order  that  it  may  not  feparate  the 
earth,  at  the  fame  time  that  it  throws  down  one 
or  the  other  of  the  oxides,  which  changes  and 
colours  the  faits. 

11.  In  order  to  eharadterife  the  glucine  in  a 
proper  maimer,  and  to  prove  its  difference 
from  all  the  other  earthy  fub fiances,  particu- 
larly alumine,  I fliall  add,  though  1 have  not 
ufually  mentioned  thefe  properties  under  the 
articles  of  the  bales,  that  the  faits  of  this  earth 
are  precipitated  by  the  nut-gall,  but  not  by 
die  oxalates,  the  tartrites,  and  the  foluble  pruf- 
fiates,  nor  by  the  well-faturated  hidro-fulpliu- 
rets  ; whereas  the  aluminous  faits  are  flrongly 
precipitated  by  the  latter;  that  the  precipitate 
which  they  form  with  the  alkalis,  is  totally 
foluble  in  the  carbonate  of  ammonia,  whereas 
that  of  every  other  earth  is  not. 

IS.  Nothing 
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‘12.  Nothing  is  yet  known  refpeâîng  the 
mutual  re-action  of  this  earth  and  the  three 
preceding.  It  is  not  known,  whether  glucine 
acts  as  a flux  to  the  other  earths,  nor  whether 
thofe  earths  can  act  in  that  manner  with  the 
p relent. 

13.  Citizen  Vauquelin,  after  having  exhi- 
bited the  preceding  details,  as  well  as  feveral 
others,  which  will  be  given  hereafter,  refpect- 
ing  the  combinations  of  glucine,  prefents  as 
the  fpecific  characters  of  the  earth,  the  fix  fol- 
lowing properties,  which  are  not  found  in  any 
of  the  five  other  known  earthy  fubftances. 

A.  Formation  of  faccharine  and  flightly 
aftringent  faits  with  the  acids. 

B.  Solubility  in  the  fulphuric  acid  with 
flight  excefs. 

C.  Decompofition  of  the  aluminous  faits 
from  which  it  feparates  the  earth  when  it  is 
boiled  in  their  folutions. 

D.  Complete  precipitation  of  its  faits  by 
ammonia. 

E.  Total  folution  by  the  liquid  carbonate 
of  ammonia. 

F.  Attraction  for  the  acids  holding  the 
mean  between  magnefia,  which  feparates  it,  and 
alumine,  which  it  precipitates. 

14.  This  earth  has  been  known  too  fhort  a 
time,  and  has  yet  been  obtained  in  quantities 
too  fmall  for  it  to  be  applied  to  any  ufeful 
purpofe,  or  even  for  it  to  be  poifible  to  indi- 
.cate  fuch  a purpofe. 
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Citizen  Vauqnelin  think.  “ 
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Concerning  Magnejta . 

1.  THE  name  of  magnolia,  ^Long  been 

weakeft  of  the  alkaline  em  which  was 

adopted  to  denote  3 others  under  the 

originally  confJU“f  bent  earths.  This  word, 
general  name  of  bfftom  ^ magnet,  was  no 

evidently  du  certain  imaginary  vir- 

doubt  given  without  ufmg  it  for  any 

tueS  °l  th;Sthis  kind,  the  term  has  been  coff- 
purpofe  of  this  kn  , and  no 

tinned  to  deflate  this  carta,  attempt 
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attempt  has  even  been  made  to  fubftitute  ano- 
ther. The  terms  muriatic  earth  have  been  pro- 
pofed,  becaufe  it  abounds  in  the  waters- of  the 
lea,  but  this  name  would  have  created  confu- 
fion  when  applied  at  the  fame  time  to  an  acid, 
and  a bale.  It  has  often  been  called  the  earth 
of  Epfom  fait,  becaufe  it  forms  part  of  the  fait 
long  diftinguifhed  by  that  name. 

2.  A Roman  canon  was  the  firft  who  fold  this 
earth  as  a fecret  medicine,  at  the  commence- 
ment  of  the  eighteenth  century,  under  the  name 
of  white  magnefia,  or  powder  of  the  Count  of 
Palma*  Valentini  difeovered  in  1707,  that  this 
powder,  boafted  as  a panacea,  was  the  product 
of  the  mother  water  of  calcined  nitre.  He  call- 
ed it  the  laxative  poly chreft  powder.  In  1709, 
Slevoght  deferibed  the  method  of  obtaining  it 
by  precipitation.  Lancifi,  and  Frederic  Hoff- 
man afterwards  fpoke  of  It.  the  fir  ft  in  1717,  and 
the  fécond  in  1 722.  When  it  became  more 
common  in  pharmacy,  che&nical  phyficians  con- 
founded it  with  calcareous,  or  abforbent  earth, 
though  Hoffman  had  already  carefully  diftin- 
guifhed them,  by  obferving  that  this  laft  forms 
an  infjpid  and  inert  fait,  "with  the  fulphuric 
acid,  whereas  magnefia  affords  a very  bitter 
purgative  fait,  with  the  fame  acid.  Black  was 
the  firft  who,  in  17 55,  explained,  in  anextenfive 
and  methodical  manner,  in  the  Memoirs  of  the 
Edinburgh  Society  of  Medicine,  the  difference 
between  magnefia  arid  lime.  Margraff,  in  1759, 

‘ publifhed  another  memoir,  in  which  he  men- 
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tions  various  characters,  by  which  this  earth 
may  be  diftinguiflied  from  every  other.  Mae- 
quer  and  Bucquet  in  France,  infift  much  on  the 
diftinéiive  properties  of  magnefia,  and  its  va- 
rious combinations.  Laftly,  Bergmann  in 
1775,  and  Butini  of  Geneva,  in  177 9,  publifhed 
differtations  which  have  left  nothing  to  be  de- 
fired  refpeding  this  earthy  bafe. 

3.  Magnefia  has  never  been  found  pure  in 
nature.  Itexifts  abundantly,  but  lefs  however, 
as  it  fhould  appear,  than  lime.  It  is  combin- 
ed, like  that  earth,  either  with  other  earths  in 
the  pot-ftones,  fteatites,  aibeftos,  mica,  and 
fchifti,  which,  on  this  account,  have  been 
named  magnefian  ftones,  or  in  combination 
with  the  carbonic,  fulphuric,  and  muriatic 
acids,  & c.  in  the  waters  of  the  fea,  the  fait 
fprings,  and  other  mineral  water,  and,  in  the 
mother  water  of  nitre,  and  fea-faltv  It  parti- 
cularly accompanies  marine  productions. 

4.  This  earth  is  feparated  from  the  faline  fub- 
fiances  which  contain  it,  by  precipitation,  by 
pure  alkalis,  lime,  barytes,  &c.  as  will  be  more 
fully  obferved  under  the  article  of  faits*  It  lias 
long  been  feparated  particularly  from  the  ful- 
phate  of  magnefia,  called  Epfom  fait  from  the 
name  of  a fpring  in  England,  of  which  the  wa- 
ter is  impregnated  with  it.  It  may  be  obtain- 
ed from  all  the  fait  waters  in  which  nature  has 
more  or  lefs  abundantly  placed  the  magnefian 
laits.  After  having  precipitated  it  hot,  and  in 
much  water,  it  is  carefully  wafhed  in  cold  and  in 
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hot  water  to  carry  off  the  adhering  fait.  It  is 
alio  prepared,  though  in  a ftate  of  lets  purity, 
and  never  fufficiently  pure  for  chemical  ufes,  by 
ftrongly  calcining  fome  faits  which  contain  it. 
Such  was  that  which  was  fold  under  the  name 
of  white  magnefia.  It  contains  chalk  and  fo- 
reign  faline  fubftarices.  Notwithftanding  the 
attentions  of  chemifts,  it  is  found  mixed  with  a 
final  1 quantity  of  fiiex  and  of  lime.  In  the  fol- 
lowing fedtion,  we  fliall  (how  how  it  may  be  ob- 
tained perfectly  pure  and  exempt  from  every 
mixture* 

5.  Magnefia,  in  a very  pure  ftate,  is  ufually  in 
form  of  white  maftes,  light,  friable,  and  refem- 
bling  ftarch,  or  in  a very  fine,  white,  impalpable 
powder.  Its  fpeeihc  gravity  is  about  2,33 
according  to  Kir  wan.  Its  tafte,  which  is  very 
fenfible,  is  fomewhat  fweetifh,  and  produces  a 
particular  fenfation  which  diftmguifhes  it  from 
every  other  fubftance  ; this  tafte  is  rather  ftrong- 
er  on  the  ftomach  and  inteftines,  where  it  ope- 
rates as  a weak  purgative.  It  (lightly  converts 
the  moft  delicate  blue  vegetable  colour,  fuch  as 
the  flowers  of  mallows  to  a green, 

6.  It  undergoes  no  action  on  the  part  of  light, 
and  is  very  little  heated  by  the  contact  of  that 
fubftance,  becaufe  it  reflects  it  almoft  entirely 
under  a white  and  confiderably  intenfe  colour. 
When  expofed  to  a violent  fire,  it  does  not  melt 
according  to  Citizen  Darcet.  Macquerhas  ob- 
ferved,  that  it  is  equally  infufibleand  unchange- 
able in  the  focus  of  the  great  lens  of  the  aca- 
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demy.  Citizen  G niton  had  the  fame  refuhy 
when  he  kept  it  for  two  bouts  in  the  it  ronge  it 
heat  of  Macquer’s  furnace  he  remarked,  that 
it  feparated  from  the  crucible,  and  contracted  a 
little.  By  fbong  calcination,  it  bee  anno  finer, 
more  friable,  and  white.  Citizen  Butini  has- 
obferved  that  it  contracts  a little.  3NXr.  Parker 

if  . 

expofed  a cube  of  magnefia  reduced  into  a pafte 
with  water  to  the  focus  of  his  burning  lens,  and 
obferved  it  fuddenly  contract  in  all  its  dimen- 
fions  ; a property  limilar  to  that  of  alumine,  but 
much  lets  evident  in  its  effects.  When  heated 
in  an  earthen  retort,  it  lofes  only  the  f mall  quan- 
tity of  water  it  contains,  and  acquires  a phof- 
phoric  property,  according  to  the  remark  of 
Citizen  Tingry,  of  Geneva.  When  rapidly 
rubbed  on  a hot  plate  of  iron  in  the  dark,  it 
emits  a phofphoric  light  : a property  which  is 
frequent  in  white  bodies  that  undergo  little  al- 
teration by  lire.  On  a charcoal  before  the  blow- 
pipe  it  remains  unaltered,  and  merely  gives  to 
the  flame,  a flight  yellowilh  colour.  Magnefia 
is,  therefore,  one  of  the  molt  apyrous  earths. 

7.  There  is  no  action,  or  perceptible  attrac- 
tion, between  oxigen,  azote,  and  magnefla. 
This  earth  produces  no  effect  on  thole  two  ga- 
llons fubftances.  By  expofure  to  the  atmo- 
fphere,  it  attracts  a fmall  quantity  of  water  and 
carbonic  acid  with  extreme  flownefs. 

In  an  experiment  of  Citizen  Butini,  half  a 
gramme  of  magnefia,  expofed  for  two  years  to 
the  air  in  a porcelain  lancer,  covered  with  a; 
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final!  paper  acquired  an  increafe  of  one  144th 
part  of  its  weight,  and  was  in  no  refpcct  chang- 
ed. 

8.  No  action  is  obier ved  between  magneiia 
and  feme  of  the  combuitible  bodies,  and  be- 
tween this  earth  and  others,  the  action  is  very 
little.  There  is  no  adlion  between  it  and  hidro- 
gen  gas,  nor  carbon,  the  diamond,  and  the 
metals.  Phofphorus  combines  fo  difficultly, 
and  in  fo  fmail  a dole,  that  we  are  not  acquaint- 
ed with  phofphorated  magnefia.  This  earth 
acts  rather  ftronger  upon  fulphur,  with  whicli  it 
unites  in  a fmali  proportion,  either  in  the  dry, 
or  the  humid  way.  When  two  parts  of  magneiia 
and  one  of  fulphur  are  heated  in  a crucible,  an 
oranae  yellow  mats  is  obtained  merely  ago-luti- 
mated,  and  without  fufLon,  very  fparingly  fo  lu- 
bie in  water,  that  emits  a little  fuiphurated  hi- 
drogen  gas  when  moiftened,  and  is  very  eafily 
decompofed  by  lire.  A flight  heat  mult,  there- 
fore, be  ufed  to  obtain,  this  fulphuret  of  magne- 
iia ; becaufe  a ftronger  beat  would  feparate  the 
fulphur.  It  is  not  formed  in  the  humid  way 
but  with  difficulty.  If  two  parts  of  magneiia, 
and  one  part  of  fulphur  in  powder  with  twenty 
parts  of  water,  be  heated  on  a land  hath,  the 
fluid,  becomes  of  a pale  yellow,  but  never  red, 
nor  orange  colour;  flightlv  fetid,  and  very  far 
from  emitting  the  ftrong  lined  which  character- 
izes the  fulphu rots,  formed  by  the  other  alkaline 
earths,  as  we  ffiall  fee  in  the  following  articles. 
Very  little  of  the  fulphuret  of  magnefia  is  form- 
ed 


MAGNÉS  I (A. 


$3Ô 


ed  in  this  manner  ; the  greateft  part  of  the  ful- 
phur  and  magnefian  earth  remains  without 
combination.  As  it  unites  with  very  fmall  por- 
tions at  a time,  it  alfo  produces  very  little  ful- 
phurated  hidrogen,  fo  that  the  water  which  re- 
tains it,  emits  fcarcely  any.  The  folid  fulphu- 
ret  of  magnefia  is  very  fpeedily  decom poled  by 
the  contadf  of  the  air  ; fo  that  the  attraction 
between  this  earth  and  fulphur  may  be  con- 
cluded to  be  very  weak.  It  abibrbs  fulphurated 
hidrogen  gas  very  fparingly,  and  accordingly 
the  hydro-fulphuret  of  magnefia  is  uncertain  or 
unknown. 

9-  Magnefia  is  fo  little  foluble  in  water  that 
we  might  aim  oft  deny  the  exiftence  of  any  attrac- 
tion between  thefe  two  bodies.  It  differs  much 
from  the  other  alkaline  earths  in  this  property. 
Citizen  Butini  found  that  water  boiled  with 
this  fubftance,  and  left  for  more  than  three 
months  in  contact  with  it,  does  not  take  up 
more  than  a 10,000th  part.  Mr.  Kirwan  fays, 
that  about  /602  times  its  weight  of  water  is  re- 
quired to  diffolve  it  at  a temperature  of  ten  de- 
grees. It  is  not,  therefore,  more  foluble  than 
filex  and  alumine.  Notwithftanding  this  in- 
folubility,  magnefia  forms  a kind  of  pafte  with 
water,  and  abforbs  it  very  perceptibly  ; we 
might  even  affirm,  that  like  alumine  it  has  a 
greater  tendency  to  render  water  folid,  than  it- 
felf  to  become  liquefied  with  that  fluid.  It  is 
true  that  this  property  is  much  lefs  evident  thap 
in  alumine;  and  that  the  pafte  made  with  this 
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earth  is  brittle,  harfh,  and  without  duCHlity. 
According  to  Bergmann  100  parts  of  magnefia, 
thrown  into  water,  then  taken  out  and  dried, 
tncreafe  in  weight  near  one-fixth,  or  18  parts 
in  100.  Hence,  we  may  conceive,  why  it  hap- 
pens that  ivater,  which  contains  only  a few 
particles  of  magnefia,  has  no  perceptible  taftc, 
does  not  change  the  molt  delicate  blue  colour, 
depofits  nothing  by  expofure  to  the  air,  and 
leaves  fcarcely  any  trace  of  refidue  after  its  eva- 
poration. 


10.  There  is  little  attraction  between  mao-nc- 
fia  and  the  metallic  oxides.  Some  of  them, 
however,  among  the  mo  ft  fufible,  and  the  molt 
verifiable  when  treated  by  heat  along  with  this 


earth,  abforb  it  in  their  full  on,  and  affame  tue 
form  of  coloured  enamels. 

11.  Magnefia  eafily  combines  with  all  the 
acids,  and  forms  peculiar  faits,  different  from 
tliofe  afforded  by  all  the  other  bates,  whether 
by  their  cry  flail  ization,  their  tafie,  their  fo- 
Jubility,  or  the  attrapions  of  their  principles. 
The  attraction  of  magnefia  for  the  acids  in  ge- 
neral, is  weaker  than  tliofe  of  barytes,  lime, 
and  ftrontian.  It  is  ftronger  than  thole  of  filex, 
alumine,  zircone,  and  glucine.  We  fliall  fee  in 
the  next  feCtion,  that  it  follows  with  refpect  to 
the  different  acids,  the  fame  order  of  attraction. 


as  the  fixed  alkalis. 

12.  Perfectly  refractory  and  infufible  alone, 
it  enters  difficultly  into  fulion  with  filex,  and 
alumine,  fingly  taken,  but,  on  the  contrary,  it 

flows 
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flows  eafily  when  united  with  both  thefe  earths, 
and  more  efpecially  when  lime  is  added.  It  is 
to  this  mixture  of  foreign  earths,  that  ive  muff 
attribute  the  form  of  glafs,  which  Citizen  G ni- 
ton obferved  it  to  take  in  his  early  experiments, 
when  he  ufed  impure  magnefia  ; and  this  alio 
is  the  caufe  of  the  commencement  of  fufibility 
obferved  by  Bergmann.  There  is  no  realon  to 
doubt,  but  that  barytes  and  ftrontian  would  pro- 
duce, by  their  mixture  with  magnefia,  filex, 
and  alumine,  the  fame  effect  as  lime,  and  that 
they  would  favour,  or  decide  the  vitreous  fufiou 
of  thefe  united  earths.  For  it  is  certain,  that 
the  more  of  earthy  mixture  there  is  in  magne- 
fian  compounds,  and  the  more  numerous  the 
different  earths,  the  more  evident  is  their  vitro 
liability,  and  that  we  cannot  reckon  magnefia 
alone  among  the  earths  capable  of  truly  deter- 
mining the  fufiou  of  the  others.  In  this  refpeci, 
it  is  very  remote  from  barytes,  ftrontian,  and 
lime,  which  earths  may  be  ranged  among  the 
true  and  moft  active  fluxes  among  the  alkaline 
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matters  ; whereas  magnefia  in  this  property,  as 
well  as  in  all  the  others,  has  much  lels  intenfity. 
When  it  enters  in  a large  proportion  into  veri- 
fiable mixtures,  it  diminifhes  their  vitrifiability, 
and,  in  compounds  already  vitreous,  it  retards 
their  fufion,  and  brings  them  to  the  ftate  of  ena- 
mels, or  even  porcelain,  as  will  be  ill  own  in  the 
following  articles. 

O 

13.  The  intimate  nature  of  magnefia  is  un- 

o 

known  like  thofe  of  the  preceding  earths.  No 

experiment 


experiment  proves  that  it  is  a modification  of 
any  of  thefe  earths.  We  only  know,  that  it 
exifts  very  abundantly  in  the  water  of  the  fea, 
where  it  is,  no  doubt,  formed,  but  we  have  no 
notion  either  of  the  principles  that  compofc  it, 
nor  the  manner  in  which  they  are  united. 

14.  A knowledge  of  the  properties  of  mag- 
nefia,  has  greatly  attributed  to  the  progrefs  of 
chemiftry.  It  is  often  ufed  for  experiments  in 
that  fcience.  In  medicine,  it  is  ufed  pure  as  a 
corrector  of  acids,  or  abforbent  earth,  and  is  a 
flight  purgative.  It  is  alfo  ranked  among  the 
antifeptics,  becaufe  it  defends  flefh  and  the 
bile  from  putrefaction.  It  has  particularly  the 
greateft  fuccefs  in  cafes  of  poifon  by  the  con- 
centrated acids.  It  is  given  diffufed  in  water 
with  fugar.  In  pharmacy,  it  may  be  ufed,  ac- 
cording to  Bergmann,  to  dilTolve  or  fufpend  in 
water,  camphor,  opium,  the  refins,  and  gum 
refins,  as  well  as  to  form  very  valuable  tinc- 
tures with  dry  vegetable  matters.  It  is  alfo 
ufed  in  the  rectification  of  ether.  It  is  fome- 
times  fo  abundant  in  ftony  compounds,  that 
they  are  named  magnefian  (tones,  and  it  like- 
wife  conftitutes,  by  its  faline  compounds,  one 
of  the  mineralizers  of  waters. 

i ■ * * 


Article 


Article  VIL 


Concerning  Lime. 

I.  THOUGH  the  French  word  chaux  (lime 
or  calx)  has  long  been  ufed  in  chemiftry,  to 
denote  feveral  very  different  fub fiances,  and 
might  feem  proper  to  embrace  in  its  generality, 
various  matters  which  were  thought  to  have 
been  formed  by  heat  ( chaleur ) of  which  the 
name  is  manifeftly  the  origin  of  the  word 
(chaux)  ; it  is,  nevertheless,  affigned  in  parti- 
cular, to  the  acrid  and  alkaline  earth,  which  has 
alfo  been  named  calcareous  earth,  abforbent 
earth,  anti -acid  earth,  quick  lime.  An  error 
has  long  prevailed  in  the  French  language  re- 
specting the  import  of  the  word  chaux.  It  was 
applied  to  this  earth,  and  alfo  to  the  oxides  of 
the  metals,  in  which  pretended  properties  were 
formerly  admitted  analogous  to  thofe  of  the 
calcareous  bafes. 

(2 . Lime  was  known  and  employed  in  the 
mod  remote  ages,  and  is  one  of  the  materials 
which  men  have  poffeffed  from  the  high  eft  an- 
tiquity ; notwithstanding  which,  chemiftry  did 
not  begin  to  acquire  accurate  notions  refpeéting 
it  till  the  middle  of  tire  18th  century.  In  the 
time  of  Stahl,  and  towards  the  firft  third  part 
of  that  century,  very  little  of  its  characters  and 
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properties  were  known.  This  chemift  beheld, 
in  the  union  of  lime  and  water,  the  formation 
of  a fait  by  the  combination  of  the  earthy  and 
aqueous  elements,  and  formed  no  proper  eftifnale 
either  of  its  alkaline  nature,  or  its  folubility  in 
water.  Long  diifertations  were  afterwards 
made  on  the  pretended  fait  contained  in  lime, 
which  was  regarded  as  a kind  of  faline  einhrvo. 
Dufay  firft  evaporated  lime-water  in  1730,  and 
imagined  that  he  had,  by  that  means,  feparated 
its  fait.  It  was  then  thought  that  water,  by 
diffolving  this  fait,  was  much  ftronger  after  its 
fir  ft  application  to  lime,  than  other  waters  that 
were  afterwards  applied  to  the  fame  lime, 
whence  the  denomination  of  the  1ft,  2d,  3d, 
lime-waters.  Duhamel  examined  its  combina- 
tions with  feveral  acids  in  1747.  In  1 732,  Mac- 
quer,  in  his  chemical  theory,  ftill  taught  the 
ideas  of  Stahl,  and  it  was  not  till  1735,  that 
Black  publifhed  the  firft  accurate  information 
refpefting  limp,  by  exhibiting  it  as  an  alkaline 
earth,  identical  in  all  its  parts  ; exifting,  with 
all  its  properties,  in  natural  compounds,  and 
more  efpecially  mafked,  and  rendered  mild  in 
chalk  by  the  carbonic  acid,  which  was  then 
called  fixed  air,  of  which  it  can  be  deprived  by 
calcination.  Since  this  famous  epocha,  che- 
xnifts,  unanimoufiy  joining  in  fupport  of  the 
difeovery  of  Black,  have  not  failed  to  multiply 
their  accurate  experiments  on  the  properties  of 
this  earth,  its  attractions,  and  combinations, 
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and  its  hiftory  being  now  well  explained  is  no 
longer  oblcnre, 

3.  Lime  is  found  very  abundantly  in  nature, 
combined  with  various  acids,  forming  the  ftrata 
of  mountains  ; fometimes  diffolvecl  in  water, 
and  alfo  conftituting  one  of  the  bafes  of  hones. 
Sometimes  it  exifis  pure,  but  in  a lefs  quantity, 
in  the  neighbourhood  of  volcanos,  enveloped 
indeed,  in  ftones,  which  have  defended  it  from 
the  contact  of  the  air.  Wallerius  affirms,  that 
it  is  drawn  up  by  the  lead  from  the  bottom  of 
the  fea  on  the  coafts  of  Morocco.  And  it  is  alfo 
affirmed,  that  fome  mineral  waters  hold  it  pure 
in  a ftate  of  folution.  This  earth  appears  to  be 
the  molt  abundant  in  the  interior  of  the  globe, 
and  forms  the  greateft  part  in  the  compofition  of 
its  feveral  maffes. 

4.  By  art,  it  is  extracted  in  the  way  of  calci- 
nation in  an  open  lire  from  lime-ftoncs.  Thefe, 
in  general,  are  compofed  of  carbonic  acid,  wa- 
tcr,  and  lime.  The  two  firlt  bodies  are  volati- 
lized, and  exhale  in  the  air  by  the  action  of  fire, 
and  the  lime  remains  pure  ; in  this  manner  it 
is  prepared  for  builders.  Chemifts  clioofe  the 
native  carbonate  of  lime,  pure  and  tranfparent-; 
they  pulverize,  and  put  it  into  good  retorts  of 
earth,  or  of  iron,  or  in  a gun-barrel,  and  cal- 
cine it  by  a ftrong  heat.  In  this  manner  they 
obtain  a much  purer  lime  than  that  of  the  lime- 
burners,  becaufe  the  compound,  from  which 
they  feparate  it,  contains  nothing  foreign  to 
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calcareous  earth.  We  lliall  refume  this  opera- 
tion more  at  length,  in  the  following  feel  ion. 

5.  Lime  thus  extracted,  has  the  form  of  a 
grey  ftone,  or  fragments  more  or  lefs  pulveru- 
lent and  white,  of  a varied  coherence,  hot, 
acrid,  urinous  tafte,  though  lefs  ftrong  than 
that  of  barytes  and  ftrontian,  hut  much  more 
fo  than  magnefia,  and  of  the  fpecific  gravity 
2,300.  It  converts  the  fyrup  of  violets  to  a 
green,  and  renders  its  colour  rather  yellowifh. 
The  acrid  nature  of  lime,  though  it  is  not  very 
cauftic,  is  fufficient,  neverthelefs,  to  redden  and 
inflame  the  fkin,  when  it  remains  for  fome  time 
applied  upon  it. 

6.  It  undergoes  no  alteration  from  light,  and 
when  expofed  to  a ftrong  heat  it  remains  unal- 
terable without  melting.  Neverthelefs,  it  is 
Ibftened  in  the  focus  of  a burning  glafs.  In  a 
crucible  of  clay,  it  fufes  on  its  edges  at  a very 
high  temperature,  but  this  happens  by  com- 
bining with  the  earth  of  the  velfel.  Before  the 
blow-pipe  it  remains  equally  unaltered  and  in- 
fufible,  however  long  and  however  fironglyit  is 
heated.  Accordingly  lime  may  be  confidered 
as  a fubftance  completely  apyrous. 

7.  Lime  has  no  attraction  for  oxigen,  nor  for 
azote;  it  ablorbs  neither  of  thefe  bodies  when 
in  the  galeous  form,  neither  does  it  take  them 
from  caloric  nor  the  other  bodies  which  con- 
tain them.  The  effedts  it  undergoes  in  the  air, 
are  confequently  owing  not  to  thole  principles, 
but  to  the  water  and  carbonic  acid  mixed  in 
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thé  atmofphefe.  By  expofure  to  the  air,  lime 
fu  the  folid  form  fwells,  cracks,  and  breaks* 
and  becomes  (lightly  heated,  falls  into  powder, 
and  acquires  a great  increafe  of  volume,  be- 
comes more  heavy,  and  is  fingùlarly  divided,  at 
the  fame  time  that  its  colour  becomes  of  a very 
pure  white.  It  is  called  the  flaked  lime,  be- 
caufe  after  it  has  once  pafled  to  this  (late,  it  is 
no  longer  quick-lime,  but  has  loft  its  property 
of  heating  with  water.  Thefe  phenomena  are 
more  fpeedy  and  evident  as  the  air  is  more  hu- 
mid. The  water  which  is  abforbed  bv  the  lime* 
dilates  it  fufficiently  to  break  wooden  veftcls  in 
which  it  is  contained.  In  this  (late  it  is  much 
lefs  acrid  than  before*  To  reftore  its  firft  date, 
it  muft  be  ftrongly  heated,  and  in  this  opera- 
tion lofes  nothing  but  its  water.  Thefe  effects 
are  alio  much  lefs  fpeedy  and  powerful  in  lime 
than  in  barytes  and  ftrontian,  as  we  (hall  foon 
obferve  ; and  they  prove,  that  the  former  has 
lefs  tendency  to  unite  with  water,  and  give  it 
folidity,  than  thefe  two  alkalis.  Lime  does 
not  abforb  the  carbonic  acid  from  the  atmo- 
fphere  but  with  much  time,  and  paffes  to  the 
date  of  carbonate  with  great  difficulty. 

8.  Lime  has  no  adtion  upon  hidrogen  gas  ; it 
does  not  take  hidrogen  from  the  compounds 
which  contain  it  ; it  has  little  adtion  upon 
charcoal,  the  diamond,  and  the  metals,  but 
much  upon  phofphorus  and  fulphur.  If  phof- 
phorus  be  put  in  fmall  fragments  at  tlie  bot- 
tom of  a tube  of  glafs  clofed  at  one  end,  and 
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four  or  five  times  its  weight  of  lime  in  powder 
be  placed  upon  it,  fo  that  one-fourth  of  the  • 
tube  ihall  remain  empty  ; — if  then  that  part  of 
the  tube  containing  the  lime  be  heated  by 
means  of  a furnace  with  open  bars,  through 
the  bars  of  which  the  tube  paffes,  and  after- 
wards that  part  of  the  extremity  where  the 
phofphorus  lies,  this  fubftance  becoming  fufed 
and  fublimed  from  the  heated  lime,  fpeedily 
unites  with  it  without  difcngaging  itfelf,  and 
efcaping  to  burn  at  its  furface.  The  whole 
mafs  becomes  agglutinated,  feems  to  melt  and 
take  the  form  of  glafs,  forming  an  homoge- 
neous compound,  which  when  cold  is  folid,  of 
a brown  colour.  It  is  the  phofphoret  of  lime  ; 
it  has  no  fmell,  is  lefs  fufible  than  the  phof- 
phorets  of  barytes  and  firontian  ; it  changes  and 
breaks  fpontaneoufly  in  the  air,  is  infoluble  in 
water,  but  is  decompofed  at  the  moment  it 
touches  the  fluid  ; it  cracks,  produces  an  of- 
fer veiee  nee,  and  difengages  bubbles  of  phof* 
phorated  hidrogen  gas,  which  immediately 
take  fire  in  the  air.  The  fetid  garlic  fmell 
emitted  by  the  phofphoret  of  lime  when 
moiftened,  is  owing  to  this  gas.  À portion  of 
the  fame  gas,  in  proportion  as  it  is  formed  by 
the  decompofition  of  the  water,  unites  with 
the  phofphorated  lime,  and  forms  an  hidroge- 
nated  phofphoret  ; fo  that  the  phofphoret  taken 
out  of  the  water  and  dried,  burfts  into  flame 
when  concentrated  muriatic  acid  is  poured 
upon  it,  which  difengages  phofphorated  hidro- 
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gen.  It  is  fufficient  that  the  phofphoret  of 
lime  fliould  be  fomewhat  moiftened  by  the 
air  to  produce  even  this  flame  in  abundance 
by  the  addition  of  the  muriatic  acid.  It  is 
alfo  to  this  eafy  decompofition  of  water  by 
phofphorated  lime,  that  the  abundant  produc- 
tion of  phofphorated  hidrogen  gas  is  obtained, 
according  to  the  procefs  of  Citizen  Raymond, 
by  heating  in  an  earthen  retort,  with  the  pneu- 
mato- chemical  apparatus,  phofphorus  and  lime, 
to  which  a fufficient  quantity  of  water  has 
been  added  to  form  a pafte. 

9.  Sulphur  unites  very  well  with  lime,  and 
with  different  phenomena,  according  to  the 
manner  in  which  their  combination  is  effected. 
When  a mixture  of  thefe  two  bodies  well  pul- 
verized is  heated  in  a crucible,  it.  melts,  or 
rather  agglutinates  into  an  acrid,  reddifh,  in- 
odorous, fufible  mais,  decompofable  by  ftrong 
heat,  from  which  the  acids  feparate  the  ful- 
phur. It  is  the  pure  fulphuret  of  lime,  which 
was  called  calcareous  liver  of  fulphur.  As 
foon  as  this  compound  is  moiftened  by  the  air, 
or  by  a fmall  quantity  of  water,  it  changes  its 
colour,  becomes  green  and  yellow,  emits  an 
extremely  fetid  fmell,  affords  fulphurated  hi- 
drogen gas,  and  becomes  hidrogenated  fulphu- 
ret. When  the  fulphur  and  lime  are  united  in 
the  humid  way,  a firnple  fulphuret  is  never 
formed,  but  always  an  hidrogenated  fulphuret, 
on  account  of  the  water  which  is  decompofed. 
This  is  prepared,  either  by  throwing  water  on 
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very  frefh  quick  lime,  covered  w ith  fulpbur  in 
powder,  in  which  cafe  the  heat  of  the  extinc- 
tion effeéts  the  combination  ; or  by  heating  in  a 
mattras  fulphur  and  lime  in  powder,  and  at  leaft 
ten  times  their  weight  of  water;  or  other  wife,  by 
heating  lime  water  and  fulphur.  In  the  latter 
cafe,  the  quantity  of  fulphuret  is  very  fmall, 
on  account  of  the  fmall  quantity  of  lime  which 
water  can  fufpend.  In  the  two  firft,  an  orange 
or  yellowifh-red  fluid  of  a very  fetid  fmell,  pe- 
netrating, bitter,  and  acrid,  is  formed,  in 
which  the  quantity  of  fulphur  fufpended  is 
equal  to  that  of  the  lime.  This  hidrogenated 
fulphuret  of  lime  lofes  its  colour  in  the  air, 
becomes  gradually  decompofed,  and  fpeedily 
abforbs  oxiu;en  to  fuch  a decree  that  it  mav  be 
ufed  for  cudiometrical  purpofes.  The  fulphur 
burns  and  becomes  converted,  firft  into  ful- 
phureous  acid,  and  afterwards  into  fulphuric 
acid.  The  acids  decompofe  it,  precipitate  the 
fulphur,  and  difengage  hidrogenated  fulphu- 
rated  gas.  It  decompofes  many  metallic  ox- 
ides, and  by  caufing  them  to  approach  to  the 
metallic  ftate,  forms  water  and  metallic  ful- 
phurets. 

10.  Lime  readily  unites  with  fulphurated 
hidrogen.  When  this  body  is  palled  in  the 
form  of  gas  under  a bottle  filled  with  water, 
and  lime  diffufed  in  it,  the  gas  is  abforbed, 
becomes  mixed  and  combined  with  the  lime, 
and  renders  it  more  foluble  than  it  was  before, 
* at  the  fame  time  that  it  forms  calcareous  hidro- 
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fulphuret.  Citizen  Berthollet  remarks,  that  the 
fulphurated  hidrogen  faturates  the  lime  in  the 
manner  of  an  acid,  and  gives  it  the  property  of 
cryftallizing  in  prifms  ; which  in  1779,  when 
I faw  and  deferibed  them  for  the  firft  time,  I 
took  for  a calcareous  liver  of  fulphur,  as  it  was 
then  called.  This  hidro-fulphuret  of  lime  is 
very  foluble  in  water,  without  colour,  and  has 
a ftrong  and  very  fetid  fin  ell.  The  acids  de» 
compote  it  with  effervefcence,  and  difengage 
fulphurated  hidrogen  in  the  form  of  gas.  The 
metallic  oxides  decompofe  fulphureous  hidrogen. 
This  body  is  probably  contained  in  ores  and 
in  waters  as  a mineralizer.  Lime,  therefore, 
like  all  the  alkaline  fubftances,  has  three  kinds 
of  combination  with  fulphur,  namely,  fulphuret, 
hidro-fulphuret,  and  hidrogenated  fulphuret. 

11.  Though  we  are  not  yet  acquainted  with 
any  immediate  union  between  lime,  carbon, 
diamond,  and  the  metals,  it  cannot,  however, 
be  denied  but  that  an  attraction  exifts  between 
thefe  lèverai  bodies,  particularly  carbon.  It 
is  found,  that  when  carbon  in  à ftate  of  minute 
divifion  is  heated  with  lime,  they  contract  a 
ftrong  adherence  together,  lb  that  it  afterwards 
becomes  difficult  to  feparate  them  exaCtly  and 
completely.  Lime  is  often  found  intimately 
combined  with  carbon  in  the  coal  of  organic 
matters,  and  in  fome  kinds  of  pit- coal.  The 
fulphuret,  and  even  the  hidro-fulphuret  of  lime, 
dilfolves  carbon  by  the  affiftance  of  heat,  and 
retains  it  even  in  the  liquid  ftate.  With  regard 
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the  metals,  though  lime  never  contracts  any 
union  with  them,  its  attraction  for  fome  of 
their  oxides  is  fo  great  as  to  favour  the  decom- 
position of  water  by  thefe  combuftibles  and 
their  confequent  oxidation, 

12.  Water  exercifes  a very  ft  r on  g attraction 
upon  lime.  When  this  liquid  is  thrown  in 
fmall  quantity  on  a folk!  piece  of  lime,  or 
upon  this  earth  in  powder,  but  in  a very  cauftic 
and  unbaked  hate,  the  fluid  is  fpeedily  abforbed, 
and  the  lime  appears  as  dry  as  before.  Soon 
afterwards,  if  it  be  in  a folid  ftate,  it  burfts, 
cracks,  and  flies  to  pieces.  The  caloric  which 
is  developed,  is  difengaged  with  a portion  of 
the  water  converted  into  vapour.  This  vapour 
has  a faint  fmeil  of  ley,  and  converts  the  co- 
lour of  paper,  tinged  with  mallow  flowers,  to 
a green,  which  fhows  that  the  volatilized  water 
carries  with  it  a fmall  portion  of  lime.  In  the 
dark,  lime  during  this  procefs  of  heating  and 
dividing  by  means  of  water,  is  luminous  and 
pholphoric;  particularly  in  hot  weather.  In 
this  dry  extinction,  the  calcareous  earth,  ex- 
tremely divided  and  increafed  in  bulk,  falls 
into  very  fine  dry  white  powder  ; its  weight  is 
found  to  be  increafed,  and  it  is  no  longer  acrid 
and  cauftic  as  before,  neither  does  it  give  out 
heat  upon  the  addition  of  more  water.  Thefe 
phenomena  are  of  the  fame  nature,  but  merely 
lefs  intenfe  than  tliofe  which  take  place  with 
. barytes  and  ftrontian,  as  will  be  feen  in  the 
following  articles  ; and  they  depend  like  them 
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on  the  ftrong  attraction  of  lime  for  water,  and 
its  property  of  difengaging  much  caloric. 
They  prove  that  in  this  combination,  the  water 
affumes  a folid  and  icy  form.  La  Place  and 
Lavoifier  in  their  calorimetric  refearches  found, 
therefore,  that  one  part  of  a mixture  of  lime  and 
water  in  the  proportion  of  16  to  9 of  thefe  two 
bodies,  filled  one  part  and  a half  of  ice  at  the 
freezing  point  of  water.  It  is  a proof  that  the 
water  in  flaked  lime,  in  a dry  hate,  is  folid  and 
even  more  folid  than  common  ice,  as  it  is  known 
in  our  temperate  climates,  that  lime  cooled  lè- 
verai degrees  below  0,  and  mixed  with  half  its 
weight  of  ice  at  0,  difengages  a fufficient  quan- 
tity of  caloric  to  raife  the  temperature  of  the 
mafs  more  than  forty  degrees  of  the  thermome- 
ter of  Reaumur.  Lime,  thus  mixed  with  water 
in  a folid  hate,  is  called  dry-flaked  lime.  If 
more  water  be  added,  it  becomes  diluted  with- 
out heating,  and  is  improperly  called  milk  of 
lime  on  account  of  its  whitenefs  and  conflu- 
ence. If  a fufficient  quantity  of  the  water  be 
added,  the  whole"  is  diffolved  ; and  it  acquires 
the  tranfparence  and  fluidity  of  water.  For  this 
purpofe,  more  than  four  hundred  and  fifty  parts 
, of  water  are  required  for  one  of  pure  lime.  The 
folution  is  called  lime-water. 

13.  It  was  formerly  unknown  that  the  whole 
of  lime  is  loluble  in  water.  The  firft  water  was 
thrown  away,  becauie  it  was  thought  to  be  too 
acrid,  and  the  fécond,  or  third  folution  only 
were  taken  for  ule.  Accurate  experiments  hav- 
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mg  fmce  proved  that  very  pure  lime  is  totally 
foluble,  even  to  the  laft  atom  in  water,  lime  wa- 
ter is  often  prepared,  by  throwing  into  a fuffi- 
cient  quantity  of  diftillcd  water,  the  powder  of 
lime,  which  is  then  kept  in  well-clofed  bottles. 
When  the  water  ceafes  to  diflolve  this  earth,  it 
is  filtered,  or  drawn  off  by  a fyphon,  and,  in 
this  frate,  it  is  found  to  contain  one  450th  part 
of  its  weight.  „ 

14.  The  folution  of  lime,  denominated  lime- 
water,  is  clear  and  limpid,  and  its  fpecific  gra- 
vity is  fcarcely  fuperior  to  that  of  common  wa- 
ter. ^ Its  tafie  is  acrid,  hot,  difagreeable,  and 
urinous,  and  it  fpeedily  changes  fyrup  of  violets 
to  a green.  When  evaporated  in  clofed  veflels, 
a lmall  quantity  of  the  lime  is  carried  up  with 
water,  and  that  which  remains  is  ufually  fiaked 
lime.  In  order  to  convert  it  to  the  ftate  of 
quick  or  cauftic  lime,  it  would  be  neceflary  to 
give  it  an  increafe  of  temperature  more  con- 
liderable  than  can  be  applied  in  the  ufual  diftil- 
ling  veflels. 

Lime-water,  expofed  to  the  air,  abforbs  car- 
bonic acid,  and  becomes  covered  with  a dry 
pellicle,  which  is  renewed  at  the  furface,  when 
broken,  until  the  whole  of  the  lime  is  thus  fcpa- 
rated  from  the  water.  The  pellicle  confifis  of 
carbonate  of  lime  which  is  infoluble,  and  was 
formerly  called  cream  offline,  though  very  im- 
properly. The  fame  fubftanee  was  alio  confi- 
deied,  in  the  earlier  liâtes  of  chemiftrv,  as  a fait 
t>f  lime,  and  it  was  this  fadt  which  led  Stahl  to 

conclude, 


S4  6 


L î M E. 


conclude,  that  the  union  of  earth  and  water 
formed  a fait. 

Lime-water  is,  in  no  refpect,  altered  by  ox- 
igen,  azote,  and  the  greateft  number  of  cpmbuf- 
tible  bodies.  It  abforbs  a fmail  quantity  of 
fulphurated  hid ro gen  gas,  which  it  changes  into 
hidro-fulphuret,  it  diffolves  alfo  a fmall  quan- 
tity of  fulphur  by  the  affftance  of  heat,  but  it 
takes  up  no  portion  of  carbon,  the  diamond,  nor 
metallic  matters:  water  only  dilutes  and  weak- 
ens it. 


15.  Lime  unites  with  the  metallic  oxides, 
both  in  the  dry  and  in  the  humid  way.  Mo  ft 
of  the  oxides  flow  with  lime  bv  heat  into  ena- 
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mels,  or  coloured  glafles  ; fome  of  them  com- 
bine with  it  by  means  of  water,  and  form  faits 
in  which  they  fcem  to  act  as  acids.  Of  this  we 
lb  all  fpeak  more  fully  in  the  particular  hiftory 
of  metals, 

lb.  Its  attraction  for  the  acids  is  confidera  bly 
lirons:,  and  it  combines  more  or  lefs  eafdv  with 
all  thefe  bodies.  The  faits  it  thus  forms,  are 
found  among  natural  fofiil  products.  In  order 
to  prefent,  in  this  place,  only  the  general  no- 
tions of  the  facts  which  ought  to  be  found  in 
the  hiftory  of  lime,  all  the  particularities  rela- 
tive to  its  combinations  with  acids,  being  to 
be  expofed  in  the  following  fection  ; we  fluid 
include  only  what  relates  to  its  attraction  for 
the  acids,  and  the  order  of  thefe  attractions 
compared  with  that  of  the  other  bafes  for  the 
feme  burned  bodies.  To  begin  with  the  ftrong- 
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■tit  acid,  this  power  acts  in  the  following  order  ; 
fulphuric,  nitric,  muriatic,  phofphonc,  fluoric, 
phofph  ore  oils,  fulpluircous,  nitrous,  florae  ic,  and 
carbonic.  By  comparing  thefe  attractions  with 
thole  of  the  other  falifiable  flafes,  we  find  that 
it  is  confiant ly  placed  after  barytes,  and  ftron- 
tian,  frequently  after  the  fixed  alkalis,  fome- 
times  before  them,  and  confiant  ly  before  am- 
monia, magnefia,  glucine,  alumine,  and  z ire  one. 

17-  The  adherence  and  intimate  union  be- 
tween lime  and  filex,  being  the  foundation  of 
many  very  ufeful  chemical  arts,  it  is  ne.ceffary  that 
they  fliould  be  carefully  described  in  the  theory 
of  the  fcience.  This  earth  contracts  a ftrong 
adhefion  with  fragments  of  filiceous  ftones,  when 
their  juxta  pofition  is  affifted  by  water.  When 
coarfe  land  is  mixed  with  lime  newly  flaked,  or 
with  quick  lime  fprinkled  with  a little  water, 
thefe  two  bodies  a few  moments  afterwards  be- 
come confident,  and  form  what  is  called  mortar. 
The  date  and  proportion  of  the  lime,  its  previous 
extinction  with  various  quantities  of  water,  or 
its  extinction  made  at  the  very  moment  of  the 
mixture,  the  nature  of  the  land  more  or  lefs 
coarfe,  rounded  or  unequal,  dry  or  humid,  pre- 
fent  great  differences  in  the  different  mortars 
thus  prepared. 

The  refult  of  the  inquiries  of  La  Faye  on  the 
mortar  of  the  ancients,  publifhed  in  1777  and 
1778,  fliow  that  the  Romans  fucceeded  in  giv- 
ing great  folidity  to  their  con ftruCf ions,  merely 
hy  the  accurate  proportions  of  the  mixture  of 
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lime,  flaked  in  a particular  manner  and  rough 
fand.  Very  good  mortar  is  alfo  made  with  lime 
and  baked  clay,  or  pouzzalana,  a kind  of  fer* 
ruginous  clay,  baked  by  the  fire  of  volcanos, 
and  altered  by  the  coiitaét  of  water  and  air. 

18.  Lime,  though  like  filex  it  is  perfectly  in* 
fufible  alone,  yet  melts  with  this  earth  when 
heated  in  fuch  a proportion,  that  the  lime  {hall, 
at  lead,  equal  the  filex  in  quantity.  It  ap- 
pears even  that  lime  is  the  natural  flux  of  filex 
in  the  fufible  {tones,  of  which  thefe  earths  con* 
ftitute  part.  With  this  view,  the  quantity  of 
lime  y fed  in  fome  glafs  works  is  fo  conliderable, 
as  to  afford  ground  to  affirm,  that  it  fupplies  the 
place  of  fixed  alkalis. 

Lime  is  likewife  capable  of  fufing  alumine,  in 
the  dofe  of  one-third  of  its  weight.  It  appears 
even  that  like  barytes,  and  the  alkalis,  it  has  a 
ftronger  attraction  for  alumine  than  for  filext 
The  mixture  of  thefe  three  earths,  melts  more 
completely  than  that  of  lime  with  either  of  them 
feparately.  In  this  manner  it  is,  that  one  part 
of  lime,  and  one  of  alumine,  are  capable  of 
melting  two,  and  even  two  and  a half  parts  of 
filex.  From  this  fact  it  is,  that  the  fufibility  of 
feveral  lcintillating  {tones  compofed  of  thefe 
three  earths  is  explained.  Hence  alfo  we  fee, 
why  lime,  very  ftrongly  heated  in  crucibles,  be* 
comes  vitrified  at  its  edges,  where  it  is  in  contact 
with  the  fides  of  the  veffel,  on  account  of  the 
filex  and  the  alumine,  which  enter  into  their 
compofition.  We  are  not  yet  acquainted  with 
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the  aéiion  of  lime  on  zircone  and  glucine.  It 
appears  that  it  melts  with  thefe  earths  which 
mutually  lerve  as  fluxes  for  each  other. 

20.  The  intimate  nature  of  lime  is  not  known. 
It  was  formerly  confidered  as  being  .charged 
with  fixed  fire  during  its  calcination,  and  fuf- 
ceptible  of  giving  it  out  during  its  extinction. 
But  this  notion  was  not  calculated  to  fhow  its 
compolition.  By  an  hypothefis  ariling  from  the 
former,  Meyer  has  admitted  in  lime,  the  exift- 
ence  of  combined  fire  with  an  acid,  under  the 
name  of  caufticum  and  acidum  pingne.  But  he 
has  not  proved  the  exiftence  of  this  pretended 
principle  of  caufticity,  which  has  hitherto  been 
confidered  as  an  ingenious  fiCtion  by  all  che- 
miffs.  It  was  afterwards  thought,  that  lime  is 
the  product  of  filiceous  or  aluminous  earths,  di- 
vided  and  attenuated  in  the  organs  of  animals. 
But  no  pofitive  experiment  fupports  this  theory 
which  is  purely  hypothetical.  As  calcareous 
earth  is  found  abundantly  diffufed  in  the  water 
of  the  lea,  and  particularly  in  the  numerous 
clafs  of  fhell  fifh,  zoophytes  and  lithophytes, 
naturalilts  have  fuppofed,  that  it  is  formed  by 
thefe  animals,  by  the  aCfioii  of  their  organs. 
But,  on  the  one  hand,  the  exiftence  of  a great 
quantity  of  calcareous  earths  in  numerous 
mountains,  without  any  trace  of  animal  or- 
ganization, and,  on  the  other  hand,  our  total 
ignorance  of  the  nature  of  the  principles  of 
lime,  and  the  manner  in  which  the  life  of  ani- 
pials  can  unite  them,  ftill  place  this  opinion 
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in  the  rank  of  hypoihefes.  Lime,  moreover, 
exifts  abundantly  in  vegetables,  in  which  we 
ought  fir  ft  to  explain  its  formation,  becaufe  it 
is  more  natural  to  think,  that  it  paffes  from 
thefe  into  animals,  for  the  nourifhment  of  which 
nature  has  manifeftly  deftined  and  appropriated 
them,  either  by  their  order  of  competition,  their 
pre-ex  iftence,  or  their  mats  compared  with  that 
of  animals.  Some  rafts  feern  to  authorife  us  in 
admitting  the  prefence  of  azote  in  lime,  as  well 
as  in  general  in  all  the  alkaline  earths.  Thofe 
facts  will,  hereafter,  he  fhown  ; but  we  mult  here 
ft  ate,  that  they  have  not  been  obferved  with 
fufficient  exactnefs,  nor  is  their  number  fo  con- 
liderable  as  to  admit  of  their  being  placed 
among  the  admiflible  truths,  conhituting  the 
elements  of  a pofitive  fcience.  Befides  which, 
even  if  we  could  prove  the  prefence  of  azote  in 
earths,  and  its  alkaligene  property  of  which  I 
ihall  fpeak,  is  a mere  notion,  though  this  no- 
tion is  my  own,  we  Ihall  hill  have  made  but  a 
fmall  progrefs  in  the  analylis  of  lime;  for  it 
would  be  neceifary  to  afeertain,  not  only  the 
matter  combined  with  azote  in  this  earth,  and 
the  proportion  of  its  principles,  but  alfo  their 
difference  in  the  other  alkaline  earths.  We 
have,  therefore,  no  pofitive  knowledge  of  the 
intimate  composition  of  lime. 

21.  Lime  is  one  of  the  earthy  bodies  moh 
frequently  employed  by  nature,  and  molt  abun- 
dant in  its  numerous  combinations.  Befides 
thofe  immenfe  beds  of  calcareous  falls  depofited 
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in  the  mountains,  befides  the  very  multiplied 
and  diverfified  ftony  comnoimds  of  which  it  is 
one  of  the  principles,  we  find  lime  often  in  a, 
pure  ftate  in  vegetable  fubftances.  In  animal 
matters  it  is  united  to  various  acids.  It  is 
one  of  the  earths  which  p allés  through  them, 
and  is  formed  in  them  in  the  greateft  quan- 
tity, and  is  the  moft  neceffary  to  their  exxftence. 
We  do  not  yet  know  whether  it  is  carried  thi- 
ther by  their  food,  or  is  compofed  in  their 
organs.  By  ftudying  the  properties  of  lime,  as 
has  been  done  for  forty  years  paft,  natural 
philofbphy  has  been  greatly  advanced,  and 
this  earth  has  been  ufed  as  a very  valuable  in- 
ftrument  of  analyfis. 

22.  There  is  no  material  more  ufeful  in  tlie 
Arts,  or  more  varioully  employed,  than  lime. 
It  forms  the  balls  of  many  con  it  met  ions  : it 
connects  the  materials,  conftitutes  the  folidity 
of  mortars  and  cements,  and  ferves  for  tlie 
preparation  of  ftucco.  It  forms  covering  or 
facing  to  receive  coarfe  painting  upon  walls. 
The  ancients  difpofed  a thick  ftratum  upon  a 
fir  ft  layer  of  black,  and  by  tracing  through 
this  they  formed  coarfe  outlines.  Lime  is  ufed 
in  glafs- works,  in  foap  lees,  and  the  fabrica- 
tion of  foap.  The  inner  furface  of  cades  is  im- 
pregnated with  this  material  when  dedgned  to 
prefer ve  water  at  fea  ; and  animal  matters  arc 
in  many  cafes  covered  with  lime,  to  dry  and 
defend  them  againit  putrefaction.  It  enters 
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into  a number  of  preparations  of  vegetable  and 
animal  matters— dyeing,  tanning,  &c.  &c. 

23.  In  medicine,  lime-water,  more  or  lefs 
diluted  with  water  or  with  different  liquids,  is 
preferibed  in  cafes  of  internal  or  external  ul- 
cers, and  as  a lithontriptic.  In  the  laft  cafe  it 
is  very  far  from  poffeffmg  all  the  virtues  which 
have  been  attributed  to  it.  It  has  been  thought 
that  its  indifcreet  or  too  long  continued  ufe 
produces  a manifeft  tendency  to  fepticity  in 
the  fluids.  Lime-water  is  more  ufeful  as  an 
anti-acid  or  abforbent,  by  rapidly  condenfing 
the  carbonic  acid  gas,  which  diftends  the  in- 
teftines.  As  a carminative,  it  fpeedily  cures 
inteftinal  tympanites  ; but  it  cannot  be  com- 
pared with  the  alkalis  of  which  it  does  not 
poffefs  the  energy  upon  animal  matters. 

24.  Lime  is  of  the  moft  extenflve  and  im- 
portant ufe  in  agriculture.  It  is  applied  as  a 
moft  valuable  manure  for  the  purpofe  of  divid- 
ing earths,  affifting  vegetation,  warming  cold 
foils,  which  are  too  denfe  and  argillaceous, 
and  deftroying  infects  and'  weeds  which  fre- 
quently vitiate  whole  fields.  It  immediately 
deftroys  the  blight  in  corn,  and  prevents  its 
reproduction  by  deftroying  its  contagious  pro- 
perty ; its  ufe  in  this  cafe  is  called  chaulagc. 
It  confifls  in  fleeping  and  agitating  for  a fliort 
time  the  grain  in  lime  diluted  with  warm  water 
before  it  is  ufed  as  feed.  Experience  has  con- 
firmed the  fuccefs  of  this  method. 
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25.  In  chemiftry  lime  is  one  of  the  principal 
agents  of  our  laboratories.  It  is  diffolved  in 
water  for  the  preparation  of  lime  water,  one  of 
the  molt  frequent  and  neceffary  re-agents.  It 
renders  the  alkalis  cauftic,  decorepofes  many 
faits,  metallic  folutions,  and  foaps,  is  of  ule  to 
afcertain  the  prefence  of  carbonic  acid,  to  deter- 
mine its  quantity,  &c.  &c.  Lime  is  mixed  with 
white  of  egg,  and  applied  to  the  junctures  of 
glafs  veffels  to  which  it  ftrongly  adheres,  and 
forms  an  accurate  clofure.  The  fame  mixture 
is  ufed  to  repair  broken  veffels  of  glafs  and  pot-  . 
tery,  or  to  preferve  them  for  a time,  by  prevent» 
ing  the  total  feparat ion  of  their  broken  parts. 


Article  VIII. 

Of  Alkalis  in  general. 

A 

i.  TIIE  wrord  alkali  is  tranfmitted  to  us  bv 
the  Arabs;  it  was  at  firft  fpelled  with  a k}  and 
is  derived  from  the  word  kaly , a plant  from 
which  was  extracted  that  fpeeies  of  its  bafes  the 
moft  anciently  known,  and  the  firfi:  employed. 
The  Arabs,  by  adding  the  particle  al>  intended 
to  exprcfs  the  force,  or  the  f uperiority  of  the 
fait  obtained  from  the  plant,  over  the  plant  it- 
felf.  I have  taken  the  k from  this  word,  and 
have  fubftituted  a c.  becaufe  the  former  letter 

A ' 

being  little  ufed.  and  not  very  exprefiive  in  our 
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(the  French)  language,  is  an  unneceffary  and 
redundant  letter,  and,  in  this  inftance,  1er v es 
only  to  einbarrafs  the  ftudent  #. 

2.  Among  thofe  earthy  fubftances,  of  which 
the  hiftory  has  been  juft  given,  two  fpecies  were 
lately  clafled,  which  have  very  evident  alkaline 
properties,  and  which  I dial!  connect  with  what 
are  properly  called  alkalis,  as  well  on  account  of 
the  energy  of  thofe  properties,  as  in  confequence 
of  the  force  of  attradtion  they  exert  upon  the 
acids.  Barytes  and  ftrontian,  in  fact,  bear  fuch 
an  analogy  to  the  alkalis,  that  they  cannot  be 
far  removed  from  thofe  bodies,  and  it  is  even 
impoffible,  in  many  inftances,  to  avoid  comprit 
in  £ them  in  the  fame  e;enus. 

3.  There  are  a certain  number  of  properties 
enjoyed  aimoft  exclufively  by  the  alkalis,  which, 
on  this  account,  are  exprefled  by  the  name  of 
alkaline  properties.  The  acrid  tafte,  analogous 
to  that  of  putrefeent  animal  fubftances  is  an  al- 
kaline character  : it  is  deftgnated  by  the  name 
of  urinous  tafte,  becaufe  it  refembles  that  of 
putrid  urine,  which  itfelf  has  this  tafte  only  from 
the  fpecies  of  alkali  thus  formed  in  it.  Every 
alkali  changes,  more  or  lefs  to  a green  colour, 
the  fyrup  of  violets,  the  red  of  poppies,  of  roles, 
the  {kin  of  radifhes,  the  bluifli  tinfture  of  mal- 
lows, and  caufes  the  yellow  tincture  of  curcuma, 

* Thele  reafons  here  given  did  not  appear  fufficiently  ap- 
plicable to  our  language  and  utage,  to  induce  the  tranllator  to 
depart  from  the  prêtent  adopted  fpelling.  N. 
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or  terra  mérita , to  change  to  a rçdclifh  brown, 
or  deep  violet.  The  alkalis  have,  betides,  the 
property  of  readily  combining  with  the  acids, 
and  of  forming,  with  them,  faits,  properly  fo 
called  ; for  this  reafon,  they  are  comprifed 
among  the  tali  flab  le  bales,  and  they  are  placed 
even  in  the  firft  clafs  of  thefe  bales,  on  account 
of  the  inline  properties  they  communicate  to  the 
acids,  and  the  force  with  which  they  adhere  to 
them. 

4.  The  energy  of  alkaline  fubftances  upon 
animal  matters  is  infinitely  greater  than  that  of 
tire  alkaline  earths.  All  the  alkalis,  however, 
have  not  the  fame  poifonous  action  upon  ani- 
mals as  barytes  ; but  they  diffolve  animal  fub~ 
fiances,  foften  them,  reduce  them  to  pafte,  and 
totally  decompofe  them,  as  will  be  explained 
hereafter. 

5.  I acknowledge  five  fpecies  of  alkalis, 
which  are  very  diftindl  from  each  other.  Four 
may  be  conlidered  as  fixed  alkalis,  not  becaufe 
they  all  pofiefs  abfolute  fixity,  for  two  of  them 
may  be  fublimed  by  a great  lieat,  but  becaufe, 
on  comparing  them  with  the  fifth,  which  is 
cafily  reduced  to  vapour,  or  gas,  they  are  really 
very  difficult  to  be  evaporated.  This  fifth  fpe- 
cies has  alio  been  denominated  volatile  alkali, 
in  oppolition  to  two  of  the  former,  which  only 
were  known  formerly.  The  names  of  the  five 
alkalis  at  prefen t adopted,  are  barytes , pot-ajh , 
focuu  jirontlan,  and  ammonia » 


6,  All 


$■ 56 


AtKÀLIS. 

6.  All  the  alkalis  are  unchangeable  by  heat  ; 
whether  fublimed,  melted,  or  reduced  to  vapour, 
they  lofe  no  portion  of  their  nature  or  proper- 
ties. They  are  all  without  action  on  oxigen 
and  azote  gafes  ; all  abforb  from  the  atmofphere 
the  water  and  carbonic  acid  which  are  diffolved 
in  it.  None  of  them  act  either  upon  hidrogen 
gas,  carbon,  or  the  diamond;  but  they  unite 
with  phofphoms,  fulphur,  and  with  the  phol- 
phorated,  lulphurated,  and  hidrogen  gafes.  Al- 
though they  do  not  combine  with  the  metals, 
they  are  frequently  fufceptible  of  favouring  their 
oxidation  by  water,  which  they  render  more  de- 
compofable  by  thefe  combuftible  bodies. 

7.  The  alkalis  all  combine  with  water,  with 
more  or  lefs  force  : they  difengage  caloric  from 
it,  and  render  it  more  denfe  than  it  is  in  its  na- 
tural ftate.  They  alfo  combine  with  feveral 
metallic  oxides,  which  often  exert  an  action 
upon  them  fimilar  to  that  of  the  acids. 

8.  The  attractions  and  combinations  of  the 
alkalis  with  acids,  produce  faits,  the  proper- 
ties of  which  vary  according  to  the  fpecies  of 
acids,  and  alkaline  bafes  united  together.  Their 
relative  attractions  for  the  generality  of  the 
acids  is  conftantly  in  the  following  order 
barytes,  pot-alb,  foda,  ftrontian,  and  ammonia; 
with  reipeCt  to  the  other  falifiable  bafes,  barytes 
is  conftantly  ftronger  than  lime  ; pot-afh  and 
foda  lometimes  only  give  way  to  lime,  which 
they  alfo  frequently  difplace  ; they  are  con- 
ftantly ftronger  than  magnefia,  alumine,  glucine, 
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and  zircone.  Ammonia  only  partially  difen- 
gages  magnefia  from  its  faline  compounds,  and 
almofl  always  totally  feparates  the  three  latter 
from  thefe  earths.  It  will  be  feen  in  the  hif- 
tory  of  the  faits,  that  their  moft  remarkable 
properties  are  owing  to  thefe  attractions. 

9.  The  earths  in  general  undergo  little  al- 
teration on  the  part  of  the  alkalis.  Silex  and 
alumine  are  the  only  two  which  are  foluble  in 
them,  and  adhere  more  or  lefs  ftrongly.  They 
may  be  united  either  in  the  dry  or  the  humid 
way. 

10.  \The  five  fpecies  of  alkalis  contract  no 
real  union,  and  do  not  re-a6t  upon  each  other. 
They  are  only  difplaced  from  their  refpedtive 
combinations  according  to  the  diverfity  of 
their  attractions  for  the  different  bodies. 

11.  They  are  all  five  found  in  confiderable 
abundance  in  Nature,  never  pure  or  infolated, 
but  in  combination,  either  with  the  acids  in 
the  ftate  of  faits,  or  with  the  earths,  and  in 
the  ftate  of  ftones.  Their  faline  compounds 
are  often  found  in  the  juices  of  vegetables,  and 
in  animal  fluids.  Formerly,  even  when  three 
fpecies  of  alkalis  only  were  admitted,  pot-afh, 
foda,  and  ammonia,  one  of  thefe  alkalis,  namely, 
foda  was  fuppofed  to  belong  particularly  to  mi- 
nerals, pot-afh  to  plants,  and  ammonia  to  ani- 
mals ; but  this  divifion  has  been  found  to  be 
much  lefs  exclufive  than  it  was  long  believed 
to  be,  each  of  thefe  falifiable  bafes  being  found 
indifferently  in  one  or  other  of  thefe  three 
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dalles  of  bodies.  Neverthelefs  barites  and 
flrontian  have  not  yet  been  met  with,  except 
among  folds. 

12.  Of  the  five  fpecies  of  alkalis,  there  is 
only  one,  the  nature  and  compofition  of  which 
is  exactly  known.  An  accurate  analyfis  has 
been  made  of  ammonia,  which  has  been  con» 
tinned  by  fynthefis.  This  information  being 
once  acquired,  led  to  the  propofal  of  fome  opi- 
nions or  views  relative  to  the  principles  of 
pot-aih  and  foda,  which  have  not  yet  been  de~ 
compofed  ; but  thefe  obfervations  ought  ftill 
to  be  conlidered  only  as  hypothefes,  I was  the 
firft  who  fui  peeled  and  announced,  in  the  year 
1787,  that  azote,  an  element  well  diftinguifhed 
in  ammonia,  might  be  the  general  principle  of 
the  alkalis,  the  alkalifiant  or  alkaligenant  prin- 
ciple. It  is  in  coniequence  of  this  notice,  that 
feveral  chemifts  have  regarded,  though  doubt- 
fefs  too  precipitately,  this  rcfult  as  a demon- 
ftrated  fad  : I ought  therefore  to  obferve  here, 
that  though  this  fufpicion  has  not  yet  been  over- 
thrown, it  lias  not  been  proved  by  any  pofitive 
experiment  ; that  the  inquiries  that  have  been 
made  for  its  fupport,  have  not  yet  had  the 
fuccefs  which  I had  anticipated  ; and  that  in 
order  to  admit  it  as  a point  of  dodrine,  a feries 
of  experimental  data  are  yet  required, 

13.  It  cannot  be  denied,  that  it  is  very  pro- 
bable that  the  alkaline  properties  which  are 
fimilar,  not  only  in  the  two  fixed  alkalis,  but 
alfo  in  barites,  ftrontian,  and  lime,  may  be 
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owing*  to  an  identical  principle.  We  cannot 
avoid  admitting,  that  of  the  two  materials 
which  have  been  found  on  the  analylis  of  am- 
monia, azote  appears  to  be  that  which  may  be 
regarded  as  the  alkalifying  principle;  that  this 
idea  agrees  with  the  tendency  poffeffed  by  all 
the  fubftances  which  contain  azote,  to  include 
at  the  fame  time  a portion  of  alkali;  that  it 
would  alfo  be  very  conformable  to  the  fimpli- 
city  and  uniformity  of  the  views  of  nature  to 
confider  atmofpheric  air  as  a mixture  of  oxigen 
and  alkali,  as  its  influence  appears  to  be  equally 
marked  and  necelfary  in  the  formation  of  acids 
and  alkalis,  in  acidification  and  alkalifation. 
But  all  this  is  hill  only  a frail  affemblage  of 
hypothefes,  and  will  continue  to  be  fa,  as  long 
as  ex  aft  experiments,  fimilar  to  thofe  which 
have  been  made  upon  the  acids,  fhall  be  want- 
in  g to  decide  upon  the  four  other  fpecies  of 
alkalis  : and  as  I fhall  fhow  in  the  following 
articles,  that  there  are  no  fimilar  refults  in 
chemiftry,  I ought,  hill  more  than  another,  as 
the  firfl  author  of  this  notion,  to  prefent  it 
only  as  a fketch  or  outline,  far  difiant  from 
that  rigorous  demonftration  which  is  now  ne- 
ceflary  to  produce  conviction  as  to  the  nature 
of  bodies. 

14.  It  is  the  more  neceffary  to  adopt  this 
cautious  opinion,  as  I had  propofed  my  hypo- 
thefis  only  for  pot-afh  and  foda,  which  I com- 
pared, by  fome  notions  which  will  be  hated 
hereafter,  to  lime  andmagnefia;  and  that  fmce 
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tliis  proportion,  which  was  made  about  fifteen 
years  fince,  my  firft  notion  has  not  only  been 
unconfirmed  by  any  ftriél  fadt,  but  the  disco- 
very of  barites  and  ftrontian,  the  moft  intimate 
knowledge  of  their  remarkable  properties,  the 
neceffity  which  the  ftate  of  the  Science  impofes 
upon  me  to  reckon  them  among  the  alkalis, 
ftill  weaken  the  foundations  of  my  old  hypo- 
thefis  ; and  I have,  in  fhort,  no  longer  any 
comparative  oppofition  of  two  fixed  alkalis  to 
two  earths  (lightly  alkalifed,  which  in  a great 
degree  fuggefted  the  hypothetical  fufpicions  of 
which  I fpeak. 


Article  IX. 

Of  Barites 

1.  BARITES  takes  its  name  from  a Greek 
word,  which  Signifies  heavy,  becaufe  it  is  the 
heavieft  of  all  the  Salifiable,  earthy,  and  alka- 
line bafes.  At  firft,  on  account  of  this  pro- 
perty, it  was  denominated  heavy  earth  and  ba- 
rotes . Mr.  Kirwan  and  Bergmann  defined  it 
by  the  Latin  name  of  Barites,  and  it  is  this 
word  which  the  authors  of  the  French  Nomen- 
clature have  tranflated  into  their  language;  it 
is  at  prefent  generally  adopted.  It  has  been 
generally  regarded  till  now  as  an  earth  ; I not 
only  place  it  among  the  alkalis,  but  I place  it 
as  the  firft  of  their  fpecies,  becaufe  its  alkaline 
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properties  are  the  moft  energetic,  and  its  at- 
traéi ion  for  acids  the  ftrongeft. 

2.  Barites  has  long  been  confounded  with 
abforbent  or  calcareous  earth,  even  by  Marg- 
graff  and  Citizen  Monne%  who,  on  examining 
heavy  fpar,  from  which  it  is  extradted,  had  ne- 
verthelefs  remarked  fome  difference  between  it 
and  calcareous  fubflances.  Gahn  and  Scheele, 
the  Swedifh  chemifts,  were  the  firft  who  diftin- 
guifhed  it  in  1774,  and  who,  by  denominating 
it  heavy  earth , deferibed  fome  of  its  moft  effen- 
tial  characters.  Since  their  difeovery,  all  the 
chemifts  have  confirmed  the  diftindtion  of  this 
fpecies  of  falifiable  bales,  but  they  have  all 
confounded  it  with  earths.  Thofe  who  have 
greatly  contributed  to  the  primitive  labours  of 
the  Swedes,  and  to  whom  we  are  indebted  for 
the  whole  extent  of  the  exadt  information 
which  we  now  poffefs  of  barites,  are  Meffrs. 
Hope,  in  Scotland,  and  Pelletier,  Vauquelin, 
and  myfelf,  in  France. 

3.  Barites  never  exifts  in  a pure  ftate 
among  the  natural  productions  in  which  it 
is  contained,  but  combined  with  various 
acids,  or  with  feveral  earths.  Before  the  in- 
veftigations  of  the  laft  mentioned  chemifts, 
pure  barites  was  unknown  ; it  could  not 
be  extracted  or  obtained  in  a pure  ftate,  and 
one  of  its  combinations  with  the  carbonic  acid 
was  fubftituted.  To  feparate  it  from  its  com- 
pounds, and  to  obtain  it  in  a great  degree  of 
purity,  different  procédés  were  had  recourfe  to, 
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according  to  the  nature  of  the  barltic  combi* 
nations  that  were  treated.  Without  here  en- 
tering into  details  which  belong  entirely  to  the 
hiftory  of  the  faits,  it  is  neverthelefs  neceffary 
to  be  known,  that  barites  is  extracted  from 
the  carbonate  or  the  fulphate  of  this  alkali, 
w hich  are  abundant  in  nature,  but  particularly 
the  latter,  The  firth  of  thefe  faits  is  calcined 
in  a crucible  furrounded  with  charcoal,  with 
which  it  is  mixed,  and  which  favours  the  elif- 
en Garnement  of  the  carbonic  acid.  The  fill- 
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phate  of  barites,  in  a fine  powder,  fiiould  be 
mixed  with  one-eighth  of  its  weight  of  char- 
coal powder,  and  heated  for  feveral  hours  at  a 
red  heat  in  a crucible  : the  fulphuret  of  barites 
which  refaits,  is  then  diffufed  in  water  ; lbme 
nitric  acid  is  poured  on  it,  which  precipitates 
the  fulphur  ; the  nitrate  of  barites  is  made 
to  evaporate  and  eryftallize  ; it  is  afterwards 
ftrongly  heated  in  a retort,  and  by  the  total 
decompofition  of  its  nitric  acid,  it  leaves  the 
barites  pure.  A portion  of  muriatic  acid  is 
often  added  to  the  folution  of  the  fulphuret  of 
barites  ; the  muriate  of  barites  is  precipitated 
by  an  alkali  faturated  with  carbonic  acid,  and 
the  carbonate  of  barites,  precipitated  by  char- 
coal, which  facilitates,  as  has  already  been 
faid,  the  volatilization  of  the  carbonic  acid. 
This  lait  procefs,  like  that  of  the  calcination 
of  the  carbonate  of  native  barites,  in  the  midft 
of  charcoal,  a procefs  which  is  attributed  to 
Mr.  Hope,  of  Edinburgh,  does  not  afford  the 
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barites  very  pure  ; it  is  only  the  decompofitipn 
of  the  nitrate  of  that  bafe  by  heat,  which  af- 
fords it  in  that  ftate.  This  method  was  difco- 
vered  by  Citizen  Vauquelin. 

4.  Barites  obtained  by  the  procefles  pointed 
out,  is  commonly  in  the  form  of  fmall  matfes, 
which  are  grey,  porous,  tolerably  folid,  fufible, 
breaking  by  a harditli  preflure  ; it  has  an  acrid, 
burning,  urinous,  and  cauftic  tafte,  which  is 
quickly  venomous  when  it  adts  upon  the  fto- 
mach  and  inteftines.  Its  weight  is  to  that  of 
water,  as  4 to  1.  It  deftroys  and  diforganifes 
animal  fubftances  like  the  other  fixed  alkalis. 
It  decompofes  them,  and  converts  them  into 
ammonia  and  oil.  It  changes  blue  vegetable 
colours  to  a'  deep  green,  and  attacks,  even  in 
their  compofition,  feveral  of  thefe  colouring 
particles.  All  thefe  properties  render  it  exactly 
fimilar  to  pot-afii  and  foda,  with  which  there 
will,  in  the  fequel,  be  difcovered  feveral  other 
analogies  equally  marked. 

5.  Light  does  not  in  any  degree  alter  ba- 
rites. When  heated  before  the  blow-pipe  upon 
charcoal,  it  melts  in  a grey  opake  globule, 
which  foon  fcatters  and  is  difperfed  at  the  furface 
of  this  combuftible  body.  On  being  treated 
by  heat,  in  a crucible  or  retort  of  porcelain, 
which  is  made  red-hot,  it  becomes  foft,  melts, 
and  fticks  to  the  fides  of  thofe  veflels,  where 
it  forms  a kind  of  greenifli  coating,  that 
adheres  very  ftrongly.  If  it  be  heated  lefs 
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quickly,  It  hardens  and  acquires  internally  a 
blueifh  ill  ad  e of  green. 

6.  It  does  not  abforb  either  oxiVen  or  azote 
gas,  and  has  no  ahtion  upon  their  bafis,  which 
it  does  not  take  from  any  fubftance.  When  ex- 
pofed  to  the  air,  particularly  when  it  is  humid, 
it  becomes  inflated  in  a few  minutes,  grows  hot, 
and  divides  into  a white  duft,  which  occupies 
feveral  times  its  primitive  bulk.  It  lofes  a part 
of  its  harilmefs,  and  increafes  in  weight  to 


It  is  to  the  abforption  of  the  atmofpherie 
water,  that  thefe  phenomena  are  owing.  They 
take  place  in  a more  fpeedy  and  fenfible  man- 
ner, on  account  of  the  tranfpiration  of  the  fkin, 
when  fomc  fragments  of  this  alkali,  very  pure 
and  cauftic,  are  expofed  upon  the  hand.  The 
fur  face  which  touches  the  hand  immediately 
becomes  white  ; It  bubbles  up,  falls  into  pow- 
der, and  produces  fo  much  heat,  that  it  is  dif- 
ficult to  fupport  this  effect  for  fome  time.  The 
abforption  and  fixation  of  atmofpherie  water, 
as  well  as  the  difen gagement  of  caloric  by  well- 
prepared  and  very  pure  barites,  are  fo  energetic, 
and  fo  forcibly  dilate  this  alkaline  fubftance, 
that  when  we  expofe  to  this  extinction  (for  this 
Is  the  name  which  this  phenomenon  ought  to 
bear,  analogous  to  that  which  has  already  been 
deferibed  in  the  hiftory  of  lime)  a portion  of 
barites  melted  on  a fragment  of  porcelain,  the 
latter  is  broken  with  noife  by  the  effort  exert- 
ed by  the  dilated  particles  of  this  alkaline  bafe, 
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When  this  firft  effedt,  produced  by  the  abforp- 
tion  of  atmofpheric  water,  is  over,  when  the 
barites  is  entirely  extinguifhed,  it  at  length 
abforbs  carbonic  acid  from  the  atmofphere  ; it 
always  lofes  more  and  more  of  its  acrid  tafte, 
and  becomes  effervefcent. 

7.  Among*  the  fix  kinds  of  undecompofed 
combuftible  bodies,  the  hiftory  of  which  has 
been  given  in  the  fécond  fedtion  of  this  work, 
after  azote,  there  are  only  two  upon  which  ba- 
rites appears  to  exert  any  attraction  ; for  it 
does  not  unite  to  hidrogen,  or  to  hidrogen  gas, 
and  it  experiences  no  alteration  on  the  part  of 
carbon,  charcoal,  the  diamond,  or  metals,  which 
are,  like  wife,  not  affedted  by  the  barites.  The 
two  combuftible  bodies  upon  which  barites  adts 
are  phofphorus  and  fulphur,  A faint  idea  only 
was  entertained  of  this  action,  and  it  was  only 
dilcovered  by  complicated  procelfes,  before  the 
means  were  known  of  obtaining  barites  in  that 
hate  of  purity  in  which  it  is  now  known 
and  employed.  When  barites  is  heated  with 
phofphorus  in  a glafs  tube  rather  thick,  which 
is  held  in  the  rnidft  of  lighted  charcoal,  thefe 
two  bodies  combine  rapidly  together.  The 
compound  which  refults  from  them  is  blackiih, 
or  of  a brilliant  brown,  nearly  refembling  a 
very  fufible  metallic  fubftance  ; emiting,  when 
moiftened,  a ftrong  and  fetid  odour,  lumi- 
nous. in  the  dark,  decompofable  in  the  air, 
affording  with  water,  which  it  decompofes, 
phofphorated  hidrogen  gas,  and  is  gradually 
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converted  by  the  air  into  phofphate  of  barites. 
This  compound  ought  to  be  denominated  phof- 
phuret  of  barites. 

8.  A combination  analogous  to  the  preced- 
ing takes  place  between  barites  and  fulphur.  In 
the  cold,  thefe  two  bodies  exert  no  aétion  upon 
each  other.  By  the  addition  of  hot  water,  the 
barites  diflolves  more  than  one-fourth  of  its 
weight  of  fulphur.  Heated  in  a crucible,  thefe 
matters  when  well  mixed,  melt  as  foon  as  they 
are  perfectly  ignited  : the  refait  is  a yellow  red- 
diih  coloured  mafs,  which  is  very  foluble,  but 
more  fo  in  boiling  than  in  cold  water,  fudden- 
3y  decompofing  that  liquid,  faturating  it  with 
fulphurated  hidrogen,  depofiting  on  cooling 
cryftals  of  hidro-fulphuret  of  barites  very  dif- 
ferent in  their  form,  fometimes  refembling  that 
of  fmall  needles,  at  others  that  of  hexahedral 
prifms  in  confiderable  abundance,  fometimes  that 
of  octahedrons,  and  often  alfo  that  of  fmall  hex- 
agonal, brilliant,  and  micaceous  laminæ.  At 
the  moment  at  which  the  folution  of  the  ful- 
phuret  of  barites  takes  place,  it  emits  a fetid 
fmell  of  fulphurated  hidrogen  gas  : before  being 
united  to  water,  this  folid  fulphur  is  abfolutely 
inodorous.  The  liquor  which  has  depofited 
cryftals  of  hidro-fulphuret  of  barites,  retains  an 
hidrogenated  fulphuret  of  the  fame  bafe.  Ex- 
pofed  to  the  air,  the  folution  of  fulphuret  of 
barites,  becomes  of  a yellow  citron  colour.  We 
often  obferve,  cryftals  of  hidro-fulphuret  of  ba* 
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rîtes  will  have  yellow  fpots,  or  plates,  in  the 
midft  of  their  white  malles. 

This  fulphuret  of  barites  is  very  remarkable 
for  the  extreme  quicknefs  with  which  it  decom- 
pofes  water,  for  the  quantity  of  fulphurated  hi- 
drogen  to  which  it  combines,  which  it  retains, 
and  with  which  it  forms  the  condenfed  baritic 
hidro-fulphuret,  for  the  difficulty  and  flownefs 
with  which  the  air  decompofes  the  latter,  as 
well  as  for  the  great  proportion  of  fulphurated 
hidrogen  gas  that  is  difengaged  without  any 
precipitation  of  fulphur,  Avhen  it  is  treated  by 
the  acids.  Citizen  Berthollet,  Avffio  carefully 
examined  this  body,  dilfolved  in  water,  and  who 
firft  gave  it  the  name  of  hidro-fulphuret  of  ba- 
rites, considered  the  union  of  fulphurated  hi- 
drogen with  barites,  as  performing  the  fundtion 
of  an  acid.  The  red  nefs  which  fulphurated  hi- 
drogen gas  gives  to  the  tindlure  of  turnfol,  its 
abforption,  and  fpeedy  combination  with  the 
folution  of  barites,  the  faline  cryltallization 
formed  by  this  combination,  its  permanence  in 
the  air,  its  decompofition  by  the  acids,  which 
difengage  from  it  fulphurated  hidrogen  gas,  with 
a brifk  effervefcence  ; in  lliort,  the  greatelt  at- 
traction Ayhich  fulphurated  hidrogen  exerts 
upon  barites,  from  Avhich  it  feparates  and  pre- 
cipitates fulphur,  fmce  it  decompofes  the  ful- 
phuret of  barites,  all  authorife  and  ftrengthen 
this  opinion. 

We  ought  to  diftinguilh  three  kinds  of  com- 
bination of  fulphur  with  barites.  In  one  of 
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thefe  the  fulphur  is  alone,  and  immediately 
combined,  as  when  it  is  heated  in  a drv  hate, 
with  the  barites,  this  is  the  fimple  fulphuret  of 
barites.  In  the  other,  the  fulphur  combined 
with  hidrogen,  exifts  in  the  ltate  of  hidro-ful- 
phuret  of  barites  : this  laft  combination  is  ob~ 
t ai ned  by  palfmg  fulphurated  hidrogen  gas  into 
water  in  which  barites  has  been  diffufed  : the  ba- 
rites becomes  more  foluble  than  when  it  is  alone, 
in  proportion  as  it  becomes  united  with  the  ful- 
phurated hidrogen,  which  condenfes,  and  isab- 
forbed  by  the  liquor.  Laftly,  between  this  lat- 
ter ftate  of  hidro-fulpliuret  and  fulphuret  of  ba- 
rites, the  diftindive  character  of  the  firh  being 
that  of  only  affording  by  the  acids  fulphurated 
hidrogen  gas,  and  no  precipitated  fulphur  ; and 
the  charader  of  the  latter  treated  in  heat  in  the 
dry  way,  being  that  of  affording  only  fublimated 
fulphur,  without  fulphurated  hidrogen  gas,— be- 
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tween  the  two  extreme  terms  of  combination 
is  found  a third  kind  of  union,  in  fome  degree 
intermediate,  in  which  the  fulphuret  of  barites 
holds  in  folution  more  or  leTs  fulphurated  hidro- 
gen, fo  that  it  at  once  gives  by  the  acids 
which  decompofe  it,  both  fulphurated  hidrogen 
gas  which  is  difengaged,  and  fulphur  which  is 
precipitated.  Citizen  Berthollet  defines  this 
mean  combination  by  the  name  of  hidrogenated 
fulphuret  of  barites.  It  appears  that  the  barites 
muft  diffolve,  at  leaft,  one-tenth  of  its  weight 
of  fulphur,  before  it  can  be  in  the  hate  of  a ful- 
phuret  ; in  other  refpcds,  the  maximum  of  this 
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folubility  of  fulphur  it  not  yet  known.  It  muft 
be  obfervèd,  that  what  has  juft  been  faid  of 
the  union  of  fulphur  with  barites,  and  of  the 
three  principal  ftates  of  this  combination,  viz. 
fulphur  et,  hidrogenated  fulphuret , and  hidro  ful- 
phur et,  may  be  applied  in  general  to  all  alka- 
line matters. 

10.  Barites  has  much  attraélion  for  water. 
All  the  phenomena  which  they  prefent  with  this 
body,  in  the  liquid  ftate,  are  very  necefiary  to 
be  well  known.  If  a fmall  quantity  of  water 
be  poured  upon  fome  pieces  of  very  ftrong  and 
cauftic  barites,  it  boils  up  with  a noife,  be- 
comes very  hot,  increafes  in  bulk,  and  changes 
into  a white  and  apparently  inflated  fubftance. 
If  a quantity  of  water  be  added  fufficient  to 
dilute  it,  after  having  been  heated  and  inflated,, 
it  hardens  and  eryftallizes  on  cooling  ; it  takes 
a firm  confiftcnce,  and  preferves,  in  a needled 
form,  the  appearance  of  a ftone,  which,  after 
fome  time,  divides  and  falls  fpontaneoufly 
into  duft  in  the  air.  If  more  water  be  employ- 
ed than  in  the  preceding  experiments,  the  ba- 
rytes is  entirely  diffolved  in  this  liquid.  Cold 
water  takes  up  about  a twentieth  part  of  the 
weight  of  it.  This  folution  changes  the  fyrup 
of  violets  to  a deep  green,  and  foon  deftroys  its 
colour.  Expofed  to  the  air,  it  is  fpeedily  cover- 
ed with  a thick  pellicle,  which  is  reproduced 
in  proportion  as  it  is  taken  off  This  effect  is 
owing  to  the  abforption  of  the  carbonic  acid  of 
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the  atmofphere  ; evaporated  in  clofed  veflefo 
the  folution  of  barites  leaves  the  alkali  pure. 

Boiling  water  diffolves  half  its  weight  of  pure 
barites.  This  folution  cryftallizes  on  cooling  ; 
it  affords  long  prifms  with  four  lid  es,  white  and 
tranfparent,  which  efflorefce  in  the  air,  lofe  a 
little  of  their  water  of  cryftallization,  and  ab- 
forb  the  atmofpheric  carbonic  acid. 

11.  We  ate  ftill  almoft  entirely  ignorant  of 
the  combinations  which  barites  is  fufceptible 
of  forming  with  the  metallic  oxides.  It  appears 
that  it  is  capable  of  uniting  with  feveral  of 
them,  as  well  as  with  the  acids,  though  lefs 
eafily  and  lefs  generally.  It  will  be  feen  in  the 
hiftory  of  lead  that  it  very  readily  diffolves  the 
oxide  of  this  metal. 

12.  Barites  quickly  unites  with  all  the  acids. 
It  adheres  lo  ftrongly  to  thofe  bodies,  that  it 
forms  with  them  the  moft  permanent  faline 
compounds,  and  the  moll  difficult  of  all  to  be 
decompofed  : it  is  particularly  by  this  property, 
that  it  deferves  the  firft  rank  which  I affign  it 
among  the  alkalis.  Moft  of  the  faits  of  which 
it  forms  the  bafe,  are  either  little  foluble  and 
pulverulent,  or  foluble  and  very  cryllallizable  ; 
it  is  the  bafe  which  has  the  greateft  attraction 
for  all  the  acids,  and  which  carries  off  moll 
of  them  from  all  the  others.  It  is  fufficient 
here  to  notice  thefe  general  refaits,  becaufe  tlie 
faits  which  it  conftitutes,  will  be  examined  in 
particular  and  in  detail  in  the  following  fee- 
tion. 
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13.  Barites  has  a marked  action  in  the  dry 
way  upon  filex  and  alumine,  of  which  it  effects 
a vitreous  fufion  at  a high  temperature:  it  takes 
and  gives  to  thefe  earths  in  their  vitrification,  a 
green  or  bluiili  colour,  which  has  caufed  a fuf- 
picion  that  it  is  formed  of  a metallic  oxide. 
With  zircone,  it  is  alfo  fufceptible  of  melting 
into  glafs  ; it  does  not  diffolve  it  more  than  the 
two  firft  earths  in  the  humid  way  ; it  precipi- 
tates it  from  its  folutions  in  tjhe  .acids,  as  it  alfo 
aCts  with  refpect  to  alumine  ; it  does  not  unite  to 
any  of  the  other  earths  in  the  humid  way,  but 
combines  with  them  more  or  lefs  by  the  action 
of  heat,  by  forming  with  them  compounds  more 
or  lefs  vitreous.  In  this  union,  effected  be- 
tween barites,  filex,  and  alumine,  an  union 
which  connects  it  Hill  more  with  pot-a£h  and 
foda,  the  barites  lofes  part  of  its  tafte  and  folu« 
bility,  and  gives  to  the  firft  of  thefe  two  earths, 
infoluble  by  itfelf  in  the  acids,  an  extreme 
ftate  of  divifton  which  favours  its  folubility  in 
liquids.  It  may,  therefore,  ferve  for  the  ana- 
lyfis  of  hard  {tones,  like  pot-afh,  and  foda;  it  is 
eafy  to  forelee,  that  fimilar  combinations  be- 
tween barites,  filex,  or  alumine,  may  form 
fome  natural  ftony  compounds,  which  mine- 
ralogical  chemiftry  will  hereafter  difeover 
among  foftils  which  have  been  hitherto  imper- 
fectly examined. 

14.  Some  modern  chemifts  have  thought  that 
barites  was  only  the  oxide  of  a metal  ftill  un- 
known, and  very  difficult  to  be  reduced.  They\ 
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were  led  to  this  opinion  by  its  weight  being 
greater  than  that  of  any  other  earthy  or  alka- 
line bafe,  by  that  of  the  faline  compounds  of 
which  it  forms  a part,  by  the  colour  which  it 
contracts  merely  by  heat,  and  gives  to  the  earths 
with  which  it  is  combined  by  the  aét  of  fufion, 
and  by  the  precipitates  analogous  to  thofe  of  the 
metallic  folutions  it  affords  in  certain  circum- 
ftances.  Such  was  long  the  opinion  of  the  ce- 
lebrated Bergmann  : fuch  was  that  of  the  illuf- 
trious  Lavoifier,  which  he  extended  in  general 
to  all  earthy  matters.  It  has  even  been  afferted 
that  Gahn,  the  Swedifli  phyfician,  had  fucceed- 
ed  in  obtaining  the  metal  of  barites  ; but  this 
faét  has  not  been  confirmed,  and  as  long  as  no 
procefs  has  been  difcovered  for  decompofmg 
this  pretended  oxide,  to  feparate  the  metal  and 
oxigen  from  it,  as  has  been  done  with  all  bodies 
which  are  claffed  among  the  order  of  metals, 
the  opinion  relative  to  the  pretended  metallic 
nature  of  barites,  as  well  as  of  the  other  lalifia- 
ble,  and  particularly  earthy  bafes,  will  be  no- 
thing but  a mere  hypothecs.  Its  refemblance 
to  fixed  alkalis,  at  prefent  fo  natural,  ftill  de- 
prives this  notion  of  part  of  its  former  proba- 
bility. 

15.  Barites  in  its  ftate  of  purity,  is  only  em- 
ployed in  chemical  laboratories,  for  the  forma- 
tion of  faits,  and  for  eftimating  the  attrapions 
of  the  bafes  with  the  acids.  Its  folutions  in 
water  and  in  the  acids,  are  employed  as  very  ufe- 
ful  re-agents* 
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If  we  could  fuçceed  in  obtaining  it  abundantly 
and  eafily,  it  would  become  very  ufeful  in  the 
manufactures,  for  decompofing  many  faits,  and 
obtaining  their  bafes  pure,  as  I fhall  fhow  in 
feveral  articles  of  the  following  fection.  Al- 
ready have  the  late  clifcoveries  to  which  it  has 
given  rife,  its  ftrong  attractions,  its  property  of 
abforbing  and  folidifying  water,  and  of  acquir- 
ing a great  degree  of  hard  nefs  in  its  extinction, 
contributed  to  the  progrefs  of  the  fcience,  and 
muft  have  an  influence  on  the  procédés  of  the 
arts. 

Some  phyficians  have  imagined  that  barites 
may  be  employed  as  a very  energetic  medicine  ; 
and,  in  fact,  they  have  hitherto  given  it  only 
combined  with  the  muriatic  acid.  There  is 
every  reafon  to  believe,  that  this  alkaline  bafe, 
when  pure,  is  a violent  poifon,  fin  ce  when 
combined  with  the  carbonic  acid,  and  having 
loft  all  its  acrid  tafte  by  this  union,  it  lpeedily 
poifons  animals.  Mamiferous  animals  which 
have  been  made  to  take  it,  have  experienced 
acute  pains,  convulfions,  vomiting,  and  death. 
Their  ftomach  and  inteftines  were  inflamed, 
fpotted,  fphacelous,  and  even,  as  it  were,  in  fome 
parts  corroded  : its  adminiftration  in  medicine 
muft,  therefore,  require  great  caution. 
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Article  X. 


Of  Pot-ajh. 


I.  THERE  has  Ions:  been  known  in  tte 
arts  and  commerce,  under  the  name  of  pot-afig 
an  alkaline  matter,  acrid,  burning,  cauftic,  de- 
liquefcent  in  air,  which  is  prepared  in  the  north 
of  Europe,  and  in  North  America,  by  burning 
the  wood  of  their  inexhauftible  forefts,  and  cal- 
cining its  allies  till  they  were  made  to  expe- 
rience a more  or  lefis  complete  fufion.  This 
word  is  formed  from  two  other  German  words, 
implying  the  ajhes  of  pots , becaufe  this  alkali 
wa s for  a long  time  calcined  in  pots.  This 
fpecies  of  alkali  has,  alfo  been  defined  by  the 
names  of  fixed  alkali,  becaufe  it  was  for  a 
long  time  the  only  kind  known,  and  confidered 
as  the  primary  alkali;  of  alkali  of  nitre  and 
alkali  of  tartar,  becaufe  it  was  often  extract- 
ed from  thofe  two  fubftances  ; of  vegetable  al- 
kali, and  the  jived  fait  of  plants,  becaufe  it  was 
obtained  in  abundance  from  burned  vegetables  ; 
of  deiiquefcent  alkali , becaufe  it  was  fuppofêd  to 
be  the  only  alkali  which  had  the  property  of  at- 
tracting moifture  from  the  air.  A celebrated 
chemift  at  Berlin,  very  lately  propofed  to  diftin- 
guifii  it  by  the  fimple  word  alkali,  the  rcafoii 
tor  which  will  foon  be  explained  ; but  this  ex- 

preffiom 


POT-ASH. 


275 


preffion  would  not  only  thus  be  taken  away,  in 
fome  degree,  from  the  genus  of  tliofe  bafes 
which  it  characterifes  ; it  would  alio  be  per- 
petuating an  ancient  error,  fince  the  plant  call- 
ed kali , from  which  it  derived  its  origin,  is 
not  that  which  furniihes  this  fpecies  ; hefides, 
the  word  pot-afh  was  adopted  twelve  years 
ago,  and  we  ought  not  for  an  inaccurate,  and 
even  erroneous  denomination,  to  abandon  one 
that  is  generally  received. 

2.  Pot-afh  has  only  within  a few  years  been 
known  in  its  ftate  of  purity.  It  was  not  till 
immediately  after  the  difcovery  of  Black,  rela- 
tive to  the  two  ftates  of  alkaline  fubftances, 
their  caufticity,  and  mildnefs,  as  this  celebrated 
chemift  afferted,  that  exact  notions  were  enter- 
tained of  its  properties  ; and  eighteen  years 
fmce  I frequently  warned  the  chemifts,  that  they 
had  fcarcely  ever  obtained  pot-afh  very  pure, 
very  cauftic,  and  well  feparated  from  all  foreign 
matter,  and  poftefting  all  the  energy  which  cha- 
racterifes it  when  it  is  properly  prepared.  We 
are  entirely  ignorant,  of  its  characters,  its  real 
caufticity,  and  all  its  diftindl  properties  be- 
fore the  difcoverv  of  Black  : and  fmce  this  difco- 
very,  we  long  remained  without  giving  it  all  its 
purity,  all  its  caufticity,  without  depriving  it  of 
all  the  carbonic  acid  which  it  generally  con- 
tains, and  without  feparating  it  entirely  from 
the  earths  and  faits  which  are  fo  frequently  com- 
bined with  it.  Citizen  Berth ollet  was  the  firft, 
who  in  1787,  defcribedan  exadt  proccfs  for  ob- 
taining this  alkali  very  pure  ; and  it  was  hot 
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till  fubfequcnt  to  this  period  that  its  properties 
were  difcovered  and  defcribed. 

3.  Pot-afh  exifts  very  abundantly  in  nature. 
It  was  at  fir  ft  extracted  from  vegetables  by 
their  combuftion  and  incineration  ; chemifts  are 
ftill  divided  in  opinion  about  its  exiftence  in 
plants  ; feme  imagine  that  it  exifts  ready 
formed,  and  that  it  is  only  extracted  by  the 
action  of  heat  ; others  believe  that  it  is  form- 
ed during  the  burning  of  vegetables,  and 
while  the  allies  are  ftrongly  heated.  It  will 
be  feen  hereafter  that  the  fir  ft  opinion  was 
apparently  better  founded  than  the  fécond. 
Plants  often  afford  a greater  quantity  of  al- 
kali, the  more  they  are  foft  and  herbaceous  ; 
more  is  generally  extracted  from  tender  than 
from  hard  wood  ; a much  greater  quantity  is 
extracted  from  fome  plants  than  from  others, 
and  particularly  more  from  the  rind  of  fruits 
than  from  any  other  vegetable  parts.  Pot-afh 
is  but  feldom  found  in  animal  fubftances,  and 
even  then  in  very  final  1 quantities.  M.  Ida- 
proth,  of  Berlin,  difcovered  this  alkali  in  Ven- 
tofe  of  the  fifth  year  of  the  French  Republic, 
(March  i? 97)  in  feveral  volcanic  produ&ions, 
even  in  a very  confiderable  portion,  that  of 
0,20  : his  difeovery  was  afterwards  confirmed 
at  Paris  by  Citizen  Vauquelin,  and  there  is 
every  reafon  to  believe  that  it  will  be  extended 
to  a great  number  of  other  fo fills. 

Hence  pot-afh  is  no  longer  an  alkali  peculiar 
to  plants  ; it  exifts  in  minerals,  and  particularly 
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m a great  number  of  ftones  and  earths,  whence 
there  is  reafon  to  believe  it  immediately  paffes 
into  vegetables  by  their  roots.  It  is  never 
pure  and  infolated  in  natural  fubftances,  but  al- 
ways intimately  combined,  either  with  earths 
and  in  the  ftony  flute,  or  with  acids,  and  in 
the  form  of  faits. 

4.  Although  the  fubftances  from  which  pot- 
alh  is  extracted  may  not  have  been  treated  in 
the  order  which  has  %een  here  adopted,  it  is 
neverthelefs  indifpenfably  neceffary  to  defcribe 
the  ihanner  in  which  this  alkali  is  feparated, 
as  it  would  be  ridiculous  to  fpeak  of  pot- 
afh,  which  Nature  never  affords  to  chemifts 
in  a pure  ftate,  without  indicating  the  means 
of  preparing  it.  After  having  burned  and  re- 
duced to  allies,  wood,  herbs,  bark,  wild  fruits, 
tartars,  lees,  See.  which  would  anfwer  no  other 
purpofe,  the  allies  are  lixiviated,  the  leys  eva- 
porated to  drynefs,  and  the  fait,  which  pro- 
ceeds from  it  ignited  in  an  oven  or  pots  fuf- 
liciently  heated.  The  produce  of  this  opera- 
tion is  the  potafh  of  commerce;  it  is  far  from 
being  pure.  In  order,  therefore,  to  obtain  it 
pure,  it  is  mixed  with  double  it  weight  of  lime, 
and  eight  or  ten  times  the  total  weight  of  the 
mixture  of  rain-water;  this  is  boiled  for  two 
or  three  hours  ; the  ley  is  then  filtered  or  drawn 
off  clear,  and  tried  by  means  of  lime-water, 
which  it  Ihould  not  precipitate,  otherwife  it 
mult  be  again  paffed  over  quick  lime,  This  ley 
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is  evaporated  in  a caft-iron  veffel,  at  a great  heat, 
till  it  ail  unies  the  confidence  of  clear  honey,  at  50 
degrees  of  cold.  At  this  temperature  fome  rec- 
tified alcohol  is  poured  on  at  firft,  about  one- 
third  the  quantity  of  the  pot-afh  employed  : 
the  mixture  is  well  ffirred,  it  is  then  heated  and 
differed  to  boil  for  a few  féconds,  after  which 
the  whole  is  poured  into  a jar,  where  it  is  left 
to  cool.  The  matter  leparates  into  three  layers  ; 
at  the  bottom  the  folid  impurities  are  depofited  ; 
above  thefe  is  an  aqueous  folution  of  carbonate 
of  pot-afh,  and  at  the  top  a liquor  containing 
alcohol,  and  of  a reddifh- brown  colour.  This 
latter  is  decanted  by  a fyplion,  and  is  a very 
pure  folution  of  pot-afh  in  alcohol  ; it  is  re- 
ceived in  a bafon  of  filver,  or  tinned  copper; 
and  evaporated  rapidly,  till,  under  a dry,  black, 
and  carbonaceous  ftratum,  which  is  formed  at 
the  furface,  there  is  feen  a liquor  of  an  oily 
appearance,  in  quiet  fufion  which  coagulates 
and  becomes  folid  by  cooling  ; it  is  broken 
into  fragments  and  incloleddn  a phial. 

5.  Pure  potafh,  thus  extracted  from  the  pot- 
afh  of  commerce,  is  a white  folid  body,  fuf- 
ceptible  of  cryftallizing  in  quadrangular  prifms, 
which  are  compreffed,  very  long,  and  ter- 
minated by  pointed  pyramids.  Thefe  cryftals, 
which  are  only  obtained  from  very  concen- 
trated folutions,  are  foft,  not  durable,  and  very 
deliquefeent.  Their  tafte  is  fo  acrid,  and  their 
caufticity  fo  great,  that  they  diffolve  and  foft  en 
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the  flvîii  at  the  moment  of  touching  it,  and  feels 
fat,  and  as  it  were  foapv  between  the  fingers. 
Pot-afii  in  this  ltate,  rapidly  opens  cauteries  : 
in  pharmacy  al£b,  where  however  it  is  not  ob- 
tained fo  perfectly  pure  and  can  flic,  it  is  called 
the  cautzrijing  Jîone.  It  diffolves  and  reduces 
into  a faponaceous  jelly,  all  foft  animal  mat- 
ters ; it  changes  <rrcen,  and  otherwife  alters  the 
colour  of  violets,  by  eaufing  it  to  pafs  to  a 
yellow-brown  Its  fpeeific  gravity  is  not 
known,  becaufe  it  is  impoffible  to  weigh  it 
without  change, 

6.  Pot-afii  does  not  a6t  upon  light.  Expofed 
to  heat  in  clofed  veffels,  it  becomes  foft,  and 
fpeedily  liquefies  ; it  takes  the  form  of  a clear 
mafs,  but  opaque  and  granulated  if  fuffered  to 
grow  cold.  If  the  heat  is  continued,  it  be- 
comes inflated,  and  is  reduced  to  vapour  when 
red-hot  On  opening  the  veffel  which  contains 
it,  it  is  feen  to  rife  in  a white  fmoke,  which  con- 
denies  upon  cold  bodies,  and  adds  fiiarply  upon 
the  lips  and  nofe  when  the  vapour  touches  tliefe 
parts  : hence  it  is  not  a fixed  alkali,  as  it  was 
formerly  called  ; or  at  leaft,  it  is  only  fo  com- 
paratively to  the  fifth  fpecies.  Thus  volatilized, 
the  pot-alli  does  not  change  its  nature  : it 
contracts  a linditilh- green  colour  like  barites. 
This  colouring  is  not  owing  to  the  earth  of  the 
crucibles,  fince  it  takes  place  in  crucfbles  of 
lilver  or  plat  in  a. 

7-  There  is  no  adfion  between  pot-afh  and 
gxigen  gas,  from  which  this  alkali  only  carries 
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off  the  water  that  it  holds  in  folution  ; the 
fame  effect  takes  place  with  azote  gas  : thus 
the  effect  of  air  upon  this  alkali  can  neither  be 
attributed  to  one  nor  the  other  of  thefe  bodies  ; 
but  rather  to  the  water  and  carbonic  acid  con- 
tained in  the  atmofphere.  Pot-alh,  on  being 
expofed  to  the  atmofphere,  powerfully  attracts 
its  moifture,  refolves  entirely  into  a liquor, 
gradually  abforbs  the  carbonic  acid,  which  fa- 
tu rates  it,  and  caufes  it  ultimately  to  cryftallize; 
it  increafes  in  weight,  and  thus  becomes  ef- 
fervefcent  with  the  acids  : to  preferve  it  alfo 
very  pure  and  dry,  it  is  neceffary  to  keep  it  in 
veffels  exactly  clofed.  Pot-afh,  in  this  cafe, 
abforbs  the  water  which  is  really  diffolved  in 
the  air,  and  thus  differs  from  the  philofophical 
hygromètres,  which  only  indicate  the  water 
that  is  precipitated  ; on  this  account,  when 
plunged  into  water  cooled  to  10  degrees  — 02 
it  becomes  foft,  and  even  then  diffolves, 

8.  Pot-afh  has  no  attraction  for  hidrogen  ; 
it  neither  abforbs  nor  ieparates  it  from  any 
body,  not  even  from  the  caloric  which  held  it 
in  folution  under  the  form  of  hidrogen  gas. 
It  will  only  be  feen  hereafter,  that  by  act- 
ing upon  the  compounds,  which  contain  at 
the  fame  time  hidrogen  and  azote,  it  favours 
their  reciprocal  combination,  and  produces 
ammonia  when  the  proportion  of  azote  is  fuffi- 
cicnt  ; it  is  thus  that  it  di rengages  an  ammo- 
niacal odour  from  all  animal  matters,  and 
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forne  vegetable  fubftances,  at  the  i lift  ant  in 
which  it  foftens  and  diffolves  them. 

9.  We  know  not  of  any  direct  action  be- 
tween pot-afh  and  carbon.  Charcoal  does  not 
diffolve  in  this  alkali,  either  at  a hot  or  cold 
temperature  ; but  it  is  otherwife  with  carbon 
combined  with  hidrogen,  which  conftitutes  the 
oily  ftate,  as  will  be  feen  hereafter.  The  fame 
effect,  however,  does  not  take  place  with  car- 
bon with  refpecl  to  pot-afh,  when  it  is  once 
united  with  fulpliur,  as  has  been  already  obferv- 
ed,  nor,  perhaps,  even  with  certain  pieces  of  char- 
coal very  much  hidrogenated,  of  which  it  dif- 
folves a greater  or  Ids  portion,  when  ftrongly 
heated  with  them  a futficient  length  of  time. 

10.  There  exifts  but  a very  feeble  attraction 
between  pot-afli  and  pbofphoms.  Thefe  two 
bodies  only  unite  when  they  are  heated  without 
moifture  in  a crucible,  or  a s'lafs  tube,  as  is 
cuftomary  with  the  phofphorated  combinations. 
Volatilized  phofphorus  pafles  through  heated 
pot-afli  without  combining  with  it.  There  is 
only  formed  a fmall  quantity  of  phofphorated 
hidrogen,  at  the  expence  of  the  water  con- 
tained in  the  pot-afli.  Although  thefe  two 
bodies  have  but  a fmall  tendency  to  combine, 
yet  by  heating  them  both  with  water,  phofpho- 
rated hidrogen  gas  is  obtained  in  conftderablc 
abundance,  and  by  this  reciprocal  action  Citi- 
zen Gingembre  'fir ft  obtained  this  remarkable 
fpecies  of  gas.  It  may  here  be  perceived,  that 
without  any  fenfible  union  with  the  phofphorus, 
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the  pot-afh  favours  the  decompofition  of  water 
by  this  combuftible  body,  by  means  of  its  at- 
traction for  the  acidified  phofphorus.  After 
the  experiment  a portion  of  phofphate  of  pot- 
aili  is  alfo  formed,  correlponding  to  that  of  the 
phofphorated  hidrogen  gas  obtained.  This  de- 
compofition is  alfo  aided  by  the  attraction  of  the 
phofphorus  for  oxigen  and  hidrogen.  The 
phofphorated  hidrogen  gas  which  is  difengaged, 
proves  that  the  phofphorated  hidrogen  forms 
no  union  with  the  pot-alh. 

11.  There  is  a much  more  powerful  aétion 
between  fulphur  and  pot- ail i,  than  between  this 
alkali  and  phofphorus.  On  triturating  at  a Cold 
temperature,  folid  pot-afh  and  the  third  of  its 
weight  of  fulphur  in  powder,  in  a glafs  or  mar- 
ble mortar,  thefe  two  fubftances  fpeedily  be- 
come hot  ; the  fulphur  lofes  its  yellow  colour 
and  acquires  a greenifh  hue.  A fetid  fmell 
is  difengaged,  refembling  garlick.  The  mix- 
ture attracts  moifture,  and  becomes  foft  : it  is, 
at  length,  almoft  entirely  Soluble  in  water.  If 
one  part  of  fulphur  in  powder  and  two  parts  of 
pot-aih  well  mixed  together,  be  heated  in  a cru- 
cible, the  mixture  melts  long  before  it  becomes 
red  : by  this  procefs,  fulphuret  of  pot-adi  in  a 
pure  and  dry  f ate  is  obtained.  This  com- 
pound, which  is  fo  frequently  employed,  and 
which  was  formerly  denominated  dry  liver  of 
fulphur , or  liver  of  fulphur  by  the  dry  way,  is 
not  generally  prepared  in  this  manner  in  the 
laboratories  of  chemiftry  and  pharmacy.  Long 
hereafter,  on  account  of  the  fcarcity  and  dearnefs 
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pf  very  pure  pot-afh,  fuch  as  is  here  defcribed,  fo- 
lid  fulphuret  of  pot-afh  will  be  prepared  with  this 
alkali,  more  or  lefs  impure.  In  general  two  parts 
of  the  pot-afh  of  commerce  are  melted  with  one 
part  of  fulphur  in  a crucible.  The  pot-afh  em- 
ployed, befides  the  earth  and  faits  which  it  con- 
tains, is  aifo  faturated  with  carbonic  acid  ; it 
is  true,  that  at  the  moment  in  which  it  com- 
bines with  the  fulphur  by  fulion,  this  acid  is 
jdifengaged  with  effervefcence,  and  leaves  the 
cauftic,  or  pure  pot-afh  to  combine  with  the 
fulphun  Thus  this  fécond  procefs  may  be  rigo- 
roufly  p radii  fed  like  the  firft  ; only  it  is  necef- 
fary  to  take  care  that  the  mixture  be  not  too 
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ftrongly  heated,  that  the  fulphur  may  not  be 
much  volatilized,  and  to  prevent  the  boiling  oc~ 
cafioned  by  the  too  fpeedy  d Rengagement  of 
the  carbonic  acid  in  a hate  of  gas.  When  the 
fulion  of  the  fubftances  is  complete,  the  fluid 
compound  is  poured  off  upon  a polifhed  flab 
of  marble,  or  porphyry:  it  is  covered  with  an 
earthen  lid,  left  to  grow  cold,  and  then  broken 
in  pieces,  which  arc  immediately  inclofed  in 
glafs  veffels,  well  hopped. 

12.  The  folid  fulphuret  of  pot-afh,  thus  pre- 
pared, is  of  a tolerably  bright  brown  colour, 
nearly  hmilar  to  that  of  the  liver  of  animals,  in 
confequence  of  which  it  formerly  received  the 
name  of  liver  of  fulphuh  It  quickly  becomes 
green  when  expofed  to  the  air,  and  at  length 
changes  to  grey,  and  even  to  white  : it  is  denfe, 
and  even  vitreous  on  breaking,  without  any 
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other  fmell  than  that  of  heated  or  fublimed  ful- 
phur  : it  is  acrid  and  cauftic,  and  leaves  a brown 
fpot  upon  the  fkin  : its  tafte  is  likewife  very 
hitter.  By  a ftrong  heat  in  an  earthen  retort, 
it  only  gives  out  fulphur,  and  the  pot-alh  re- 
mains pure  at  the  bottom  of  the  veflel.  All 
thefe  properties  take  place  only  in  thefe  com- 
pounds when  pure  and  recently  prepared,  but  it 
is  fo  little  permanent,  and  fo  ealily  decompofed 
by  the  contact  of  the  atmofphere,  and  particu- 
larly by  water  in  vapour,  and  confequently 
by  humid  air,  it  is  fo  ready  to  abforb  water 
wherever  it  melts  with  this  fluid,  that  fulphu- 
rated  hidrogen  gas  may  generally  be  drawn  from 
it  by  diftillation,  unlefs  when  ftrongly  heated  for 
a length  of  time  in  the  fame  veflel  in  which  it 
was  prepared.  The  fulphuret  of  pot-alh  is  very 
fufible  ; it  changes  green,  and  deftroys  a great 
number  of  vegetable  colours  ; it  reddens  animal 
matters  with  lefs  power  however,  than  pot-alh 
alone.  If  it  be  heated  dry  with  charcoal,  it 
diflolves,  and  combines'  with  it  ; if  treated 
with  a dry  acid,  fuch  as  the  phofphoric,  boracic, 
and  arfenical  acids,  in  the  vitreous  form,  it  fe- 
parates  from  the  fulphur  without  any  fulphurat- 
cd  hidrogen  gas,  and  there  remains  a fait  form- 
ed by  the  acid  employed,  combined  with  the 
pot-alh.  All  this  is  applicable  only  to  the  ful- 
phuret of  pot-alh  formed  by  fuflon,  very  recent, 
very  folid,  very  pure,  inodorant,  and  not 
changed  by  water  or  air. 


13.  Its. 
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13.  Its  properties,  its  attractions,  and  effeds 
vary  even  at  the  inftant  at  which  the  fulphuret  of 
pot-alh  touches  or  abforbs  water,  and  as  foon  as 
the  alteration  which  it  undergoes  adds  hidrogen 
to  its  compofition  ; at  that  time  the  brown  co- 
lour changes  to  green  ; its  fulphureous  fined  is 
fucceeded  by  an  infupportable  fetidnefs,  refcm- 
bling  the  well-known  ftench  of  rotten 
that  of  hones  which  have  long;  remained  at  the 
bottom  of  a common  fewer.  It  becomes  fufeep- 


tible  of  giving  out  fulphurated  hidrogen  gas  by 
diftillation  with  acids  : the  latter,  when  employ- 
ed in,  a liquid  hate,  fuddeniy  e fleet  the  fame 
changes  in  the  fulphuret  of  pot-afh.  When 
fulphurated  hidrogen  gas  is  defired,  it  is  ra- 
pidly obtained  in  confiderable  quantity,  and 
by  a quick  effervefeenee,  by  throwing  upon  the 
fulphuret  of  pot-afh  in  powder  fome  muriatic 
acid,  in  the  pneumato-chemical  apparatus.  It 
will  readily  be  feen  that  thefe  diet  is  are  owing* 
to  the  fudden  decompofition  of  the  water,  ‘effect- 
ed by  the  fulphuret  of  pot-afh.  On  diffolving 
this  compound  in  water,  the  attraction  which  pot- 
alh  has  for  the  oxigenated  fulphur,  or  the  fulphu- 
ric  acid,  abts  by  difpofing  affinity;  the  water  is 
decompofed  ; its  oxigen  is  conveyed  to  the  ful- 
phur, while  another  part  ef  this  body  combines 
with  the  other  principle  of  water,  hidrogen,  and 
the  force  of  this  fécond  combination  unites  with 


the  firft  to  effeCt  the  decompofition  of  the  water. 
This  fulphurated  hidrogen  combines  with  the 
fulphur  and  the  alkali,  and  forms  an  hidro- 
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genated  falphuret  of  pot-alli.  Although  we  afe 
{till  ignorant  of  the  refpeclive  attractions  of 
the  different  earthy  bafes  for  fulphur,  compared 
to  that  of  pot-afh  for  the  fame  combuftible  body, 
we  know,  however,  that  barites,  lime,  and  ft  ro  Ti- 
tian, decompofe  the  fulphuret  of  pot-afh,  and 
take  poffeffion  of  the  fulphur. 

14.  Sulphurated  hidrogen  gas,  being  very 
different  in  this  refpedi  from  phofphorated  hidro- 
gen gas,  readily  combines  with  pot-afh;  when 
this  gas  is  palled  into  a folution  of  alkali,  it  is 
abforbed  and  condenfed  ; it  faturates  pot-afh, 
and  forms  the  compound  which  Citizen  Berthol- 
let  was  the  hrft  to  deferibe,  and  which  he  de- 
nominated hi  dr  o- fulphuret  ofpot-ajh.  This  com- 
pound cryftallizes,  and  is  more  permanent  than 
the  fulphuret  of  pot-afh  ; its  cryftals  are  tranfpa- 
rent,  whole  the  fulphur  is  brown  and  opaque* 
Heat  and  the  acids  decompofe  it,  and  difen- 
gage  fulphurated  hidrogen  gas  without  precipi- 
tating fulphur  from  it.  The  oxigenated  mu- 
riatic acid  decompofes  the  fulphurated  liidro- 
gen,  and  feparates  fulphur.  Several  metallic 
oxides  alfo  produce  the  fame  effect,  and  hence 
the  reafon  why  they  fuddenly  take  away  the  fmell 
from  the  hidrogenated  fulphuret  of  pot-afli.  It 
is  alfo  neceflary  to  obferve  here,  that  very  pure 
hidro- fulphuret,  without  any  fulphur  foreign  to 
the  faturation  of  the  hidrogen,  has  no  odour, 
and  that  alkali  appears  to  have  more  attraction 
for  fulphurated  hidrogen  than  for  fulphur;  that 
likewife  when  it  is  faturated  with  the  former,  that 
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is  to  fay,  when  it  is  in  the  hate  of  eryhallizable 
and  inodorous  hidro-fulphuret  of  pot-aih,  it 
cannot  take  any  more  fulphur;  whereas,  on 
the  contrary,  when  fulphurated  hidrogen  gas 
is  paffed  into  a folution  of  fulphuret  of  pot-aih 
already  hidrogenated  by  the  mere  circumftance 
of  its  folution  in  water,  as  3 have  hiown,  at  a 
certain  degree  of  faturation  the  fulphurated  hi- 
drogen aéts  in  the  manner  of  the  acids,  precipi- 
tates the  fulphur  like  them,  difcolours  the  li- 
quor, decompofes  all  that  is  fulphuret,  and  at 
lah  brings  the  alkali  to  the  hate  of  mere  hidro- 
fulphuret  of  pot-aih. 

15.  Thefe  ideas  readily  tend  to  explain  what 
takes  place  when  fulphur  is  united  with  alkali 
diffolved  in  water,  or  when,  as  was  faid  before* 
the  liver  of  fulphur  is  prepared  in  the  humid 
way.  It  will  be  feen  that  a fimple  fulphuret  of 
pot-aih  only  is  fabricated  in  this  way.  Two 
parts  of  pot-aili,  one  part  of  fulphur,  and  fix 
times  the  total  weight  of  this  mixture  of  pure 
water,  are  put  into  a matrafs,  the  mixture  is 
heated  on  a fand  bath  ; the  adtion  already  be- 
gun between  the  pot-aih,  the  fulphur,  and  the 
water,  by  the  heat  produced  at  the  moment  of 
the  union  of  the  cauftic  alkali  and  the  water, 
continues  and  increafes  by  the  accumulation  of 
caloric;  the  liquor  affumes  a yellow  colour; 
the  fulphur  apparently  diifolves  with  the  alkali; 
a ilightly  fetid  fmell  is  difcharged  ; the  colour 
and  fetidnefs  gradually  increafe  ; an  hidro- 
genated fulphuret  of  pot-aih  is  obtained*  which, 

by 
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by  the  continued  action  of  the  fub  flanc  es  of 
which  it  is  compofed  depofits  fulphur,  at  length 
lofes  its  colour,  and  becomes  a pure  hidro-ful- 
phuret  of  pot-afh  without  any  fmell,  becaufe  the 
fulphurated  hidrogen  is  united  with  it  by  the 
pot- ail),  whereas  being  lefs  adhefive  in  the  fut- 
phuret,  it  has  a tendency  to  difengage,  and  to 
take  the  gafeous  form,  which  caules  the  fe- 
tid nets  of  thele  compounds. — What  has  been 
here  faid  refpeCting  the  greater  attraction  of 
fulphurated  hidrogen  for  pot-afh  than  that  of 
fulphur  for  the  fame  alkali,  and  of  the  decom- 
pofition  of  the  fulphuret  of  pot-alh  by  fulphurat- 
ed  hidrogen,  applies  equally  to  the  fnnilar  com- 
binations of  fulphur  with  lime  and  barites. 

lb.  Fot-afh  has  no  action  upon  the  diamond, 
neither  in  the  dry  way,  nor  the  humid  way, 


nor  upon  molt  of  the  metallic  fub  dances. 
The  few  effects  which  take  place  between  foine 
metals  and  pot-afh  depend  on  the  water,  the  al- 
kali of  which,  by  a difpofing  attraction  favours 
the  decompofition  by  thefe  combuftible  bodies. 
In  this  cafe  the  metals  are  oxided  ; there  is  a 
dilengagement  of  hidrogen  gas,  and  a more  or 


lefs  intimate  combination  between  the  oxides 
thus  formed,  and  the  pot-afh.  Thus  it  may 
be  imagined,  that  ruft  is  much  fooner  pro- 
duced on  fome  metals  plunged  in  alkaline  lees, 
than  on  the  fame  metals  Amply  foaked  and 
covered  with  water. 

17.  Water  is  one  of  thofe  bodies  for  which 
pot-afh  has  the  greateft  attraction.  When  this 
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alkali  is  mixed  in  powder  with  the  fourth  of  its 
weight  of  ice  congealed  at  0,  there  is  aim  oft 
an  immediate  fufion  of  the  ice  and  the  folution 
of  pot-afh  ; the  caloric  abforbed  by  the  liquefied 
bodies,  caufes  the  thermometer  to  fall  feveral 
degrees  below  0 ; which  evidently  depends  upon 
the  quantity  of  water  of  cryftallization  contain- 
ed in  the  pot-afh,  and  that  in  head  of  condenfmg 
the  water  of  folution,  and  expelling  its  caloric, 
as  would  be  the  cafe  if  the  alkali  were  perfectly 
dry,  it  only  diffolves,  as  a cryftallized  fait  would 
have  done,  and  then  requires  an  abforption  of 
caloric  to  become  liquid.  Some  modern  che- 
mifts  employ  a mixture  of  cryftallized  pot-afh 
and  ice,  for  the  purpofe  of  producing  artificial 
cold,  ufeful  in  fome  experiments  ; but  this  me- 
thod has  the  inconvenience  of  being  very  ex- 
penfive,  on  account  of  the  extreme  dearnefs  of 
the  alkali.  There  are  other  means  much  lefs 
coftlv,  which  I fhall  defcribe. 

Liquid  water  at  ten  degrees  of  temperature 
diffolv  res,  with  much  energy,  pot-afh  well  dried 
and  recently  prepared.  When  this  pot-afh  is 
thrown  in  powder  into  water,  the  alkali  begins 
by  abforbing  a part  of  the  liquid,  and  by  form- 
ing, at  the  bottom  of  the  veffel,  a folk!  mafs, 
in  a piece  : which  effect  takes  place  at  the  com- 
mencement of  all  the  folutions  of  folid  bodies, 
even  that  of  fngar  in  water.  Very  foon,  how- 
ever, and  particularly  by  the  aid  of  agitation, 
the  water  penetrates,  and  feparates  the  particles 
frôm  the  mafs  which  melts  in  this  liquid.  Half 
Vol.  IL  U a part 
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a part  of  water  is  fufficient  for  liquefying  one 
part  of  pot-aih.  In  proportion  as  this  folution 
takes  place,  caloric  is  difengaged,  and  the 
liquid  which  is  formed  poffeffes  a confiderable 
denfity.  The  heat  which  is  developed  during 
the  folution,  is  fufficient  for  driving  off  a little 
pot-aih  with  the  water  in  vapour  : hence  the 
fmeli  of  the  ley  which  is  exhaled,  and  the  pro- 
perty which  this  vapour  poffeffes  of  changing 
paper  green  with  is  tinged  with  mallows.  The 
fame  phenomenon  has  been  obferved  in  the  ex- 
tinction of  lime.  The  folution  of  pot-afli  is  co- 
lourlefs  when  it  contains  no  vegetable  or  animal 
fubffance  : it  is  clear,  tranfparent,  and  leaves  no 
precipitate.  To  feparate  the  pot-aih  from  its 
iblvent,  it  is  cuftomary  to  recommend  the  liquor 
to  be  evaporated  in  clofed  veffels,  left  it  ftiould 
attract  the  carbonic  acid  of  the  atmofphere. 
But  this  does  not  fucceed  in  glafs  veffels,  becaufe 
liquid  alkali  attacks  glafs,  and  becaufe  when 
the  liquor  is  denfe  it  forms  bubbles,  which  are 
agitated  and  frequently  caufe  the  veffels  to 
break,  and,  in  fhort,  becaufe  folid  pot-afh  ad- 
heres lb  ftrongly  to  glafs,  that  it  cannot  be  de- 
tached from  it.  On  evaporating  it  very  rapid- 
ly in  the  air,  as  has  already  been  faid,  theftrong 
vapour  which  arifes  prevents  the  abforption  of 
the  carbonic  acid. 

1 8.  Liquid  pot-aih  unites  with  feveral  metal- 
lic oxides,  which  it  renders  foluble  in  water,  and 
which  faturate  it  in  the  manner  of  acids,  fuch  as 
thofe  of  antimony  and  zinc  : fome  others  un- 
dergo 
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dergo  a flight  change  in  their  nature  by  its  con- 
tact, and  approach  to  the  metallic  ftate  on  lofmg 
a portion  of  oxigen,  fuch  as  the  green  oxide  of 
copper  ; but  there  are  fome  which  abforb  a great- 
er quantity,  as  the  oxide  of  manganefe.  It  was 
imagined  that  a means  of  decompofing  this  al- 
kali could  be  found  in  the  aCtion  of  metallic 
oxides  upon  pot-afli  ; and  the  formation  of  ni- 
tric acid  was  fuppofed  to  be  perceptible,  and 
confequently  the  prefence  of  azote  in  pot-afli  to 
be  proved  : but  this  refult  was  not  obtained  by 
Citizens  V auquelin  and  Hecht.  Hence  the  rea- 
fon,  why  I have  already  faid  that  there  is  no 
faCt  which  proves,  with  certainty,  the  prefence 
of  azote  as  the  alkali  ken 'm  the  fixed  alkalis. 

O 

19.  All  the  acids,  with  the  exception  of  the 
oxigenated  muriatic,  readily  combine  with  pot- 
afli,  and  form  with  it  faits  which  will  be  atten- 
tively examined  in  the  following  feCtion.  It 
will  here  be  fufficient  to  ftate  the  order  of  the 
attractions  of  pot-afli  for  the  different  acids  ; 
and  the  analogy  of  fuch  attractions  with  thofe 
of  other  falifiable  ' bafes  for  the  fame  bodies. 
Experience  has  proved  that,  with  refpeCt  to  their 
adherence  for  pot-afli,  the  acids  ought  to  be 
placed  in  the  following  order,  beginning  with 
the  ftrongeft:  the  fulphuric,  nitric,  muriatic, 
phofphoric,  phofphoreous,  fluoric,  fulphureous, 
boracic,  nitrous,  and  carbonic  acids.  As  to  the 
place  which  pot-afli  holds,  compared  with  the 
other  acidifiable  bafes,  it  is  always  after  barites, 
moft  frequently  before. lime,  always  before  ftron- 
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tian,  ammonia,  magne  fia,  glucine,  alumine,  zim 
cone,  and  filex, 

20.  Pot-afh  combines  with  filex  by  the  dry 
way,  and  di doives  it  by  fufion  ; it  then  forms  a 
tranfparent  body,  known  by  the  name  of  glafs, 
which  varies  in  its  nature  according  to  the  pro- 
portion of  fand  and  alkali.  Two  or  three  parts 
of  pot-afh  to  one  of  filex  form  a brittle  glafs, 
deliquefcent  in  the  air,  foiuble  in  water,  the 
folution  of  which  formerly  bore  the  name  of 
liquor  of  flints,  and  which  is,  at  prefent,  deno- 
minated filicated  pot-afh.  It  depofits,  after  a 
length  of  time,  the  earth  which  it  contains,  often 
in  foft  and  gelatinous  flakes;  the  acids  decom- 
pofe  it,  by  taking  poffeffion  of  the  pot-afh,  and 
feparating  the  earth  from  it,  under  the  form  of 
white  and  very  fine  powder,  which  when  well 
wafhed,  is  pure  filex.  Sometimes,  if  the  folution 
be  diluted  with  a quantity  of  water,  and  much 
more  acid  be  added,  than  is  neceffary  to  faturate 
the  alkali,  the  filex  remains  in  folution,  particu- 
larly in  the  muriatic  acid  ; Jbut  it  is  precipitated 
from  it  by  the  action  of  caloric  alone.  Thus 
depofited,  the  filex  is  Hill  unchanged  ; and  it  is 
by  an  error,  which  originated  from  a folution  of 
part  of  the  earth  of  the  crucibles  by  alkali,  that 
it  was  formerly  fuppofed  to  be  in  part  converted 
into  alumine  by  the  adlion  of  the  pot-afh, 
Glafs  differs  from  filicated  pot-aili  only  by  a 
greater  proportion  of  filex.  The  art  of  making 
it  confifts  in  the  choice  of  pure  land,  as  well  as 
pot-afh,  their  proportion,  their  complete  fufion 
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by  means  of  a fufficient  heat,  and  long  enough 
continued  to  have  no  bubbles,  veins,  nor  threads, 
and  fo  that  it  /hall  be  tranfparent,  very  hard, 
and  unchangeable  in  air.  A fmall  quantity  ot 
alumine,  lime,  and  certain  metallic  oxides  are 
often  added,  to  render  it  more  hard  and  homo- 
geneous, of  a more  equal  fufion,  of  a more  per- 
fect tranfparencÿ  and  whitenefs.  It  is  on  ac- 
count of  this  evident  action  upon  (ilex,  that 
pot-afh  is  employed  for  analyfmg  hard  ftones, 
as  I /hail  elfewhere  explain.  Liquid  pot-alb 
alfo  attacks  glals  in  fo  fenlible  a manner,  that 
when  preferved  for  a length  of  time  in  bottles 
and  decanters,  it  corrodes  and  deftroys  them, 
and  thus  becomes  loaded  with  fdicated  earth. 

21.  The  adtion  of  this  fixed  alkali  upon  alu- 
mine is  ftill  ftronger  than  upon  filex  ; it  dif- 
folves  it  by  the  dry  and  the  humid  way  ; it  is 
better  faturated  with  it,  dilfolves  more  of  it,  and 
lofes  more  of  its  own  properties  in  this  union. 
It  even  appears  that  alumine  decompofes  fdicat- 
ed pot-alh.  By  the  dry  way,  alumine  melts 
into  a more  or  lefs  opaque  frit,  with  pot-a/h  ; 
a certain  dofe  of  filex  being  added  gives  it 
tranfparence.  Liquid  pot-a/h  abundantly  dif- 
folves  alumine  diffufed  in  water,  and  takes  up 
a great  quantity  of  it.  It  is  by  this  ftrong  ac- 
tion that  alumine  differs  from  lilex.  This  pro- 
perty may  even  be  employed  for  feparating  the 
former  from  the  latter,  and  particularly  from 
other  earths  which  are  much  lets  foluble  in  pot- 
alh  than  filex. 

22.  Pot-afli 
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22.  Pot-aft  has  no  action,  no  folvent  proper- 
ty upon  zircone.  Thefe  two  bodies  when  heat- 
ed, do  not  combine  ; they  do  not  melt  together  ; 
the  melted  pot-aft  remains  feparate.  This  in- 
action is  taken  advantage  of,  for  feparating 
alumine  and  filex  from  zircone  in  the  analyfis  of 
ftones.  The  perfect  infolubility  of  zircone  in 
pot-aft,  is  one  of  the  diftindtive  characters  of 
that  earth.  It  is  the  fame  with  glucine  as  with 
zircone,  with  refpedt  to  its  infolubility  in  pot- 
afh. 

$3.  There  is  no  attraction  between  pot-aih 
and  the  two  alkaline  earths.  Magnefia  and 
lime  do  not,  in  any  manner,  combine  with  pot- 
aft,  either  in  the  dry  or  the  humid  way.  This 
alkali,  therefore,  becomes  a very  ufeful  re-agent 
for  feparating  either  filex  or  alumine  from  thofe 
two  earths,  when  they  are  mixed  or  combined 
together. 

â4.  Though  I have  obferved  that  the  nature 
of  pot  aft  is  not  known,  and  that  a few  ideas 
only  were  entertained  relative  to  its  intimate 
compofition,  I ought  not  to  omit  mentioning, 
in  this  place,  a fact,  perhaps  illufory,  fmce  I 
have  only  feen  it  once,  and  in  the  {mail  way, 
which  is  capable  of  directing  us  in  a way  to 
arrive  at  a more  certain  refuît.  Having  ex- 

o 

pofed  liquid  hidrogenated  fulphuret  of  lime  in  a 
receiver,  to  atmofpheric  air,  I found  the  air 
ameliorated  after  fome  hours,  and  containing 
lefs  azote  gas,  and  more  oxigen  gas,  and  the 
fulphuret  at  laft  afforded  me  traces  of  pot-aft  : 

fuch 
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fu ch  is  the  origin  of  the  opinion  which  I long 
ago  propofed,  as  to  the  coinpofition  of  this  al- 
kali by  lime  and  azote.  But  I ought  to  obferve 
that  as  this  affertion  can  only  yet  be  conlidered 
as  a fufpicion,  and  not  as  a verified  faét,  I here 
only  mention  it,  in  order  to  induce  chemifts  to 
profit  by  the  opportunities  they  might  have  of 
confirming  or  refuting  it. 

o o 

25.  Although  we  are  ignorant  of  the  compo- 
fition  and  principles  of  pot-afh,  the  properties 
that  have  been  difcovered  in  it,  mofl  of  which 
I have  already  defer ibed  here,  have  rendered  it 
one  of  the  moft  ufeful  infiruments  to  chemifts, 
and  have  much  influence  on  the  principles  of 
the  fcience.  It  is  one  of  the  moft  important 
agents  in  a great  number  of  modern  analyfes  as 
will  befeen  in  the  lequel;  it  guides  the  fteps  of 
mineralogifts  in  the  clafiification  of  ftones,  by 
the  facility  with  which  it  is  employed  in  their 
decompofition. 

In  medicine  it  is  one  of  the  moft  important 
and  powerful  medicines  which  can  be  employ- 
ed, as  afolvent,  cauftic,  lithontriptic  and  afthe- 
nic  : its  effedts  which  are  fometimes  too  adfive 
fometimes  even  poifonous,  arc  quickly  deftroy- 
ed  by  the  acids,  oils,  and  fatty  fubftances. 

It  renders  a number  of  fervices  to  the  arts  of 
glafs-making,  bleaching,  foap-making,  doci- 
macy,  the  purification  of  falt-petre,  paper-mak- 
ing, printing,  painting,  &ct  Its  application 
.will  be  fliown  as  an  opportunity  fhall  be  afford- 
ed hereafter.  It  will  be  fufficient  to  ftate  here 
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in  general,  that  pot-afh,  fo  ufeful  to  men  in  a 
ftate  of  fcciety,  and  which  contributes  in  fo 
many  ways  to  their  welfare,  ought  to  be  ufed  and 
confidered  as  a very  precious  article  in  countries 
where  there  is  not  much  wood  ; and  that  means 
ought  to  be  taken  to  reftore  it  after  the  ufe  to 
which  it  has  been  defined,  that  it  may  not  be 
loft,  as  is  too  often  the  cafe  ; and  to  give  it  again, 
by  evaporation  and  calcination,  the  fame  form 
and  the  fame  activity  which  it  poffeffed  before  it 
was  employed.  This  economical  practice  ought 
not  to  be  neglected  in  the  trades  and  manu- 
factures, where  there  is  a great  confumption  of 
pot-afh,  and  where  it  is  an  article  of  confiderable 
expence. 


Article  II. 

Of  Soda. 

1.  THE  name  of  foda,  like  that  of  pot-afh, 
is  adopted  in  commerce  : it  denotes  that  fpecies 
of  fixed  alkali  which  is  extracted  from  the  ma- 
rine plant,  called  kali  or  fonde,  in  French.  This 
alkali  was  formerly  called  caujlic  mineral  alkali , 
marine  alkali , ley , or  liquor  of  foap-makers , 
becaufe  it  was  fuppofed  to  be  more  abundant 
than  the  other  among  minerals,  and  becaufe  it 
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forms  a part  of  marine  fait,  and  is  preferred  to 
pot-afh  in  the  preparation  of  foap.  In  order 
not  to  confound  the  foda  which  I am  to  de- 
fcribe  here,  or  foda  in  its  (late  of  purity,  with 
the  impure  alkali  mixed  with  a number  of  fub- 
ftances,  and  combined  even  with  an  acid,  fuch  as 
it  is  prepared  in  the  large  way,  for  the  purpofe 
of  the  arts,  and  which  is  afforded  in  commerce, 
— the  word  foda  alone  will  be  employed  for  the 
firft,  and  the  latter  will  be  denominated  foda  of 
commerce. 

2.  Soda,  as  a fpecies  of  fixed  alkali  different 
from  pot-afh,  has  only  been  difcovered  and  dif- 
tinguifhed  from  the  latter  face  the  middle  of  the 
eighteenth  century.  After  having  been  pointed 
out  in  the  ninth  century  by  Geber,  the  Arabian, 
it  was  fo  confounded  with  the  alkali  extracted 
from  common  plants,  that  in  1750the  fait,  form- 
ed by  art  with  the  muriatic  acid  and  pot-afh, 
was  called  regenerated  marine  fait.  Pott,  Mar- 
graff,  and  Duhamel,  deftroyed  this  confufion, 
and  made  a proper  diftindfion  between  thefe  two 
alkalis,  fince  the  period  alluded  to.  But  pure 
foda  was  ftill  unknown,  though  it  was  diftin- 
guiihed  from  pot-afh,  before  chemifts  were  con- 
vinced that  it  was  rendered  mild,  and  faturated 
by  an  acid  in  its  hate  of  commerce,  and  that  it  is 
neceffary  to  deprive  it  of  this  body,  to  obtain 
it  pure  and  inlulated.  The  character  alfo  of  cauf- 
ingeffervefcence  with  the  acids,  was  like  wife  gi  v- 
en to  it,  as  well  as  to  pot-afh,  before  the  carbonic 
acid  was  known  ; though  it  is  neceffary  to  de- 
prive 
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prive  it  of  this  acid,  and  to  take  away  its  offer- 
vefcent  property,  in  order  to  have  it  pure. 
Nor  was  the  difference  between  the  attractions 
of  foda  and  thofe  of  pot-aih  known  before  the 
inquiries  of  Bergmann.  All  this  information 
being  once  acquired,  no  farther  obfcurity  re- 
mained as  to  this  fpecies  of  fixed  alkali. 

3.  Soda  exifts  native  like  pot-afh,  but  not 
more  pure  or  infulated  than  the  latter:  it  is  al- 
ways combined  either  with  the  different  acids, 
particularly  the  muriatic,  carbonic,  fulphur- 
ic,  and  phofphoric,  in  the  interior  parts,  or 
at  the  furface  of  the  earth,  in  foffile  falts,  in 
the  waters  of  the  fea,  and  faline  fp rings,  or  in 
vegetable  or  animal  juices.  That  which,  com- 
bined with  the  carbonic  acid,  fo  frequently 
and  abundantly  prefents  itfeif,  in  the  form  of 
faline  efilorefcence,  at  the  furface  of  the  earth 
in  Egypt,  or  the  plains  of  the  Delta,  irrigated  by 
the  waters  of  the  Nile,  upon  old  fubterraneous 
walls,  ruins  of  buildings,  &c.  is  the  moft  pure  ; 
it  is  only  neceffary  to  deprive  it  of  the  carbonic 
acid  it  contains  to  extract  foda  in  its  perfect 
ftate.  The  enormous  quantity  which  Nature 
has  placed  in  the  fait  of  the  fea  and  of  faline 
fp  rings,  is  more  difficult  to  be  feparated,  though 
this  point  has  been  gained  by  art,  by  the  af- 
fix! an  ce  of  feveral  procédés,  which  will  be  de-  • 
fcribed  hereafter  under  the  article  of  this  fait. 
The  foda  moft  generally  employed  at  prefent,  j 
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4.  It  is  the  genus  of  vegetables  denominated 
falfola  by  Linnæus,  and  particularly  the  fpe- 
cies  called  foda , which  grows  waflied  by  the  fea 
water,  that  furnithes  this  kind  of  alkali.  This 
plant,  when  examined  by  Citizen  Vauquelin, 
afforded  foda  combined  with  a vegeto-animal 
fubftanee,  which  it  was  neceffary  to  deftroy  by 
the  addon  of  heat.  After  having  been  colledted 
in  heaps  on  the  banks  of  the  fea,  and  left  to  dry 
by  the  contadt  of  the  air,  it  is  burned,  and  the 
allies  are  calcined  fufficiently  to  caufe  vitrifica- 
tion to  .begin,  care  being  taken  to  agitate  it  in 
the  air,  in  order  to  deftroy  as  much  of  the  car- 
bonaceous matter  as  poflible.  When  cooled, 
thefe  allies,  being  well  calcined,  and  half  vitrified, 
prefent  folid  maftes  of  a greater  or  lefs  lize,  of  a 
bluifh  or  blackilh-grey  colour,  denfe  or  porous, 
of  a faline,  acrid,  and  bitter  tafte,  mixed  with 
charcoal,  ftones,  and  flints,  and  containing,  be- 
tides the  foda  almoft  faturated  with  carbonic 
acid  formed  by  the  combuftion  of  carbon,  a 
variety  of  faits,  oxide  of  iron,  fome  alumine, 
filex,  and  different  foreign  bodies.  The  heft 
foda  of  commerce,  however,  is  that  made  at 
Alicant,  as  it  contains  moft  alkali.  In  other 
maritime  vicinities,  and  particularly  at  Cher- 
burg,  and  on  the  coafts  of  the  ci-devant  pro- 
vince of  Normandy,  they  burn  and  calcine  in 
the  fame  manner,  the.  algas,  fucus,  varechs,  and 
feveral  other  marine  vegetable  produbtions, 
which  afford  an  afh  much  lefs  rich  in  foda  than 
that  of  Alicant  : it  is  known  in  commerce,  by 
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the  name  of  foda  of  C-herburg.  Thefe  alkaline 
and  impure  allies  of  commerce,  are  alfo  indif- 
ferently, and  very  improperly  called  falicot,  fail- 
corne,  aluri-marie y alun-catin , See. 

5.  Thefe  kinds  of  foda  of  commerce,  are  very 
impure,  and  much  mixed,  though  fit  for  many 
ufes  in  the  arts  ; that  which  is  even  far  more 
pure  and  rich  in  alkali,  which  is  extracted  from 
marine  fait,  by  the  procelfes  that  will  be  point- 
ed out  in  the  hiftory  of  this  fait,  ought  to  be 
treated  by  the  fame  chemical  means  as  pot-aih, 
to  be  brought  to  the  date  of  pure  foda.  The 
fodas  of  commerce  axe  wafhed  with  cold  water, 
the  leys  are  evaporated  to  dry  nefs  in  veffels 
which  cannot  communicate  to  them  any  thing 
of  a foreign  nature;  and  the  fait  obtained  by  eva- 
poration, which  when  it  has  been  welf  prepared, 
is  fcarcely  any  thing  but  foda,  faturated  with 
carbonic  acid,  is  then  mixed  with  quick-lime. 
The  mixture  is  diluted  with  water,  and  ftrongly 
agitated  ; this  fécond  ley  is  evaporated,  and  fome 
alcohol  is  added  : the  portion  diffolved  by  this 
inflammable  liquid  is  feparated  from  foreign 
bodies,  and  particularly  from  the  aqueous  liquor 
which  is  below  it  ; this  dilution  with  alcohol  is 
then  evaporated  ; and  after  taking  off'  the  thick 
and  carbonaceous  cruft  which  is  formed  at  the 
furface,  the  liquor  is  then  brought  to  the  ftate 
of  a thick  and  an  unctuous  oil,  remaining  in  a 
tranquil  folution,  and  becoming  folk!  by  cool- 
ing : this  is  poured  off  into  veffels  of  pottery, 
or  porcelain,  where  it  is  left  to  congeal,  that  it 
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may  be  afterwards  broken,  and  enclofed  in  well» 
ftopped  bottles.  It  will  be  feen,  that  this  is 
abfolutely  the  lame  procefs  as  that  pointed  out 
for  the  extraction  and  purification  of  pot-alh. 
It  confifts  in  depriving  the  foda,  frit  feparated 
from  foreign  bodies  by  cold  water,  of  the  car» 
bonic  acid  which  faturates  it,  by  means  of  the 
lime,  and  dilfolving  it  alone,  and  without  any 
mixture  either  of  earths  of  other  faits,  by  alco- 
hol, which  on  dilfolving  it,  feparates  even  from 
the  portion  of  water  that  holds  the  portion  of 
carbonate  of  foda  and  faits  that  have  efcaped, 
and  l.aftly,  in  volatilizing  the  latter  folvent,  to 
obtain  foda  very  pure,  in  the  folid,  and  even 
cry  Hal  line  form. 

6.  Soda  thus  purified  and  extracted,  is  com- 
monly in  the  form  of  folid  plates,  of  a grey- 
i ih~ white  colour,  a burning  caufticity,  and  an 
urinous  tafie,  like  pot-alh.  Like  the  latter, 
when  its  alcoholic  folution  is  evaporated,  it 
takes  the  form  of  prifmatic  and  elongated 
cryftals,  of  a foft  confiftence,  and  retaining 
much  of  the  water  of  cryftallization  : the  dif- 
ference  between  which  and  thole  of  pot-alh  has 
not  yet  been  exactly  determined,  though  it  is 
well  known  that  they  have  not  the  fame  primi- 
tive figure  ; they  are,  befides,  fo  changeable  and 
fo  little  permanent,  that  they  alter  even  while 
under  obfervation.  Soda  afits  with  much  ac- 
tivity upon  animal  fub fiances  and  clilfolves 
them.  It  changes  the  blue  colour  of  violets, 
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and  turns  to  number  of  other  vegetable  colours 
«Teen. 

7.  Light  exerts  no  aétion  upon  foda.  Ca- 
loric foftens  and  quickly  melts  it  : it  liquefies 
by  heat  like  an  oily  fubftance,  boils,  and  is  re- 
duced to  vapour  when  ignited.  This  vapour  is 
merely  foda  without  alteration  ; it  is  acrid  and 
cauterifes  the  fkin.  In  a filver  crucible,  foda 
when  long  heated,  acquires  a greenifh  colour  ; 
to  whatever  degree  of  heat  it  may  be  expofed,  it 
does  not  change  its  nature  ; it  appears  to  be  a 
little  more  fufible  than  pot-afh. 

8.  It  has  no  adtion  upon  oxigen  in  a hate 
of  gas,  or  combined  with  burned  bodies,  nor 
upon  azote  ; when  moiftened  only  with  the 
water,  which  it  acquires  from  thofe  two  gafeous 
bodies,  it  does  not  change  either  their  nature  or 
their  properties.  Soda,  like  pot-afh,  when  tritu- 
rated with  fubftances  containing  azote  combin- 
ed with  hidrogen,  favours  the  binary  combina- 
tion and  the  formation  of  ammonia,  by  uniting 
itfejf  with  the  remaining  parts  of  thefe  fubftances 
that  have  become  more  or  lefs  oleaginous,  as  will 
be  accounted  for  hereafter,  relative  to  its  ac- 
tion upon  animal  matters.  In  air,  without  a Cl- 
ing upon  the  oxigen  and  azote  gafes,  foda  only 
abforbs  the  water  that  is  diffolved  in  it,  and  the 
carbonic  acid  that  is  mixed  with  it  ; it  becomes 
moift  and  foft,  but  does  not  liquefy  inti  rely  like 
pot-afh.  It  never  forms  any  thing  in  the  at- 
mofphere  but  a kind  of  foft  pafte,  which  dries  on 
being  expofed  for  fome  days  to  the  air,  when 
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the  air  itfelf  becomes  dry  ; at  this  period  the  foda, 
whitens,  dries,  cryftallizes,  and  eftlorefces.  This 
is  a confequence  of  the  abforption  of  the  car- 
bonic acid  of  which  it  requires  much  lefs  to 
faturate  it  than  pot-alh.  We  may,  therefore, 
by  the  mere  phenomena  which  attend  their  ex- 
pofition  to  the  air,  diftinguilh  fodafrom  pot-aili. 
It  may  thus  alfo  be  feen,  that  in  order  to  pre- 
ferve  loda  pure,  it  mu  ft  be  kept  in  well- doled 
veftels. 

9.  Hidrogen  and  carbon,  each  in  their  infulat- 
ed  ftate,  have  no  attraction  for  foda,  which  does 
not  aCt  either  upon  the  former  in  a ftate  of  gas, 
or  upon  the  latter  when  folid,  at  whatever  tem- 
perature they  may  be  expofed.  It  appears, 
however,  fufceptible  of  combining,  in  fome  in- 
fiances,  with  carbonated  hidrogen,  as  will  be 
feen  hereafter.  It  does  not  combine  more  fen- 
ftbly  with  phofphorus,  and  no  phofphuret  can 
be  formed  either  in  the  dry  or  the  humid 
way.  When  phofphorus  is  heated  in  a ley  of 
foda,  there  is  only  a formation  and  difengage- 
rnent  of  phofphorated  hidrogen  gas,  which 
feparates,  as  will  be  feen,  without  combining 
with  the  alkali  ; this  .inaCtion  refembles  that 
which  has  been  obferved  in  the  hiftory  of  pot- 
afh. 

10.  Sulphur  eafily  combines  with  foda  by 
fimple  trituration,  by  fufion,  and  in  the  humid 
way.  In  the  two  firlt  inftances  the  cauftic  ful- 
phuret  of  foda  is  formed,  which  is  decompofable 
by  heat,  by  the  acids,  and  decompofes  water  like 
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the  fulphuret  of  pot-afli  ; in  the  third,  a fetid 
hidrogenated  fulphuret  is  obtained,  from  which 
fulphurated  hidrogeii  gas  is  difengaged  by  the 
acids.  AH  that  has  been  faid  upon  this  kind  of 
fulphurated  alkaline  combination  under  the  ar- 
ticles of  barites  and  pot- ally  upon  the  difference 
betw  een  fulphurets  made  in  the  dry  and  thcfe 
made  in  the  humid  way,  of  pure,  compared  with 
hidrogenated  fulphurets,  of  the  decompoAtion  of 
fulphurets,  and  the  precipitation  of  fulphur  by 
fulphurated  hidrogen  gas,  mil  ft  be  applied  here, 
and  joined  to  the  properties  of  foda  already 
known.  There  is  a perfect  parity  between  thefe 
three  alkalis  when  very  pure,  with  refpedt  to  their 
comparative  adlion  upon  fulphur,  and  the  va- 
rious compounds  they  are  capable  of  forming 
with  this  combuftible,  and  nothing  can  be  add- 
ed to  what  has  been  faid  in  the  articles  of  barites 
and  pot-alh.  Soda  combines  equally  with  fuff 
phurated  hidrogen  gas,  condenfes  and  abforbs  it, 
forms  with  it  a cryftaliizable  hidro-fulphuret  of 
foda,  which  is  colourlefs,  inodorous,  foluble,  more 
permanent  in  the  air  than  the  Ample  fulphuret 
and  the  hidrogenated  fulphuret,  decompofable 
by  the  metallic  oxides  and  the  acids,  which  fe- 
parate  it  frequently  in  cryftals  from  the  liquid 
hidrogenated  fulphurets,  and  which,  though 
analogous  to  that  of  pot-alh,  neverthelefs  differs 
from  it  by  fome  individual  properties.  Soda 
appears  to  have  lefs  attraéfcion  for  fulphur  and 
fulphurated  hidrogen  than  pot-afli,  and  particu- 
larly lefs  than  lime  and  barites. 
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1 1 . The  adlion  of  foda  upon  the  diamond, 
and  upon  metals,  is  abfolutely  none.  When  it 
is  united  to  water,  it  facilitates  the  decompofi- 
tion  of  that  oxide,  by  fome  metallic  fubhances; 
it  gives  rife  to  the  difengagement  of  hidrogen 
gas,  and  to  the  oxidation  of  thofe  metals,  of 
which  it  then  dilTolves  a portion  of  the  oxides. 

12.  Soda  has  a ftrong  attraélion  for  water. 
If  this  alkali  when  very  dry,  be  moiftened,  it 
abforbs,  and  renders  the  water  folid  with  adtivi- 
ty,  difengaging  from  it  a quantity  of  caloric. 
By  adding  more  water  than  it  can  abforb  or  fo- 
lid ify,  it  diffolves  with  heat,  and  the  difengage- 
ment of  a lixivial  odour,  owing  to  a portion  of 
foda  which  is  railed  in  vapour  with  the  volati- 
lized water.  We  are  allured  of  this  latter  fadt, 
by  expofmg  to  this  vapour  paper  tinged  with 
mallows  or  turmeric  ; the  former  is  changed  to 
green  ; the  latter  paü es  by  its  contadt  from  yel- 
low to  a reddidi-brown.  A thick  folution  of 
foda  affords,  when  left  to  cool,  after  having  been 
rapidly  heated  and  evaporated,  elongated  and 
foft  cry  Hals.  Soda  cannot  be  obtained  pure  and 
folid  from  this  folution,  except  by  evaporating 
it  at  a great  heat  in  a bafon  of  filver,  or  tinned 
copper;  the  very  abundant  aqueous  vapour 
which  then  arifes,  really  takes  off*  the  contact  of 
air,  and  oppofes  itfelf  to  the  abforption  of  atmo- 
fpheric  carbonic  acid.  To  preferve  this  folu- 
tion of  foda  very  cauftic,  it  ought  to  be  kept  in 
glafs  veffels  well  ftopped  ; it,  nevertheless  adts 
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and  renders  very  brittle  by  the  changes  of  tem- 
perature. I have  many  times  feen  glafs  bottles- 
in  which  leys  of  cauftic  pot-afh,  or  foda,  were 
inclofed,  and  left  upon  a certain  quantity  of 
quick-lime  to  afcertain  its  eaufticity,  crack  ho- 
rizontally at  the  lower  part  near  the  bottom, 
eonftantly  in  the  fame  place,  and  thus  let  out 
the  fluid  they  contained. 

13.  Soda  combines  with  certain  metallic  ox- 
ides which  fat  urate  it  in  the  manner  of  acids.. 
There  are  fome  of  which  it  feems  to  favour  the 


difoxidation  ; others  appear,  on  the  contrary, 
to  acquire  by  its  contact,  a ft  ronger  tendency 
to  unite  with  oxigem  This  reciprocal  aCtion, 
therefore,  Angularly  varies,  according  to  the 
difference  of  the  metallic  oxides,  their  various 
fates  of  combination  with  oxigen,  and  their 
attraction  for  this  principle  ; it  will  be  fpoken 
of  under  the  hiftory  of  metals.  This  is,  how- 
ever, the  fame  phenomenon  as  takes  place  with 
pot-afh.  It  has  been  expe&ed,  but  this  expec- 
tation has  not  yet  led  to  any  ufeful  refult,  that 
the  metallic  oxides  might  ferve  to  explain  the- 
conftituent  principles  of  foda,  by  effecting  its- 
analyfis  : but  hitherto  this  has  proved  only  an 
illufion,  as  it  has-  with  pot-afh. 

14.  All  the  acids,  except  the  oxigenated  mu- 
riatic, readily  combine  with  foda.  From  this 
union  faits  are  produced,  which  will  be  ex- 
amined in  the  following  lectio  n.  The  order  of 
attractions  of  this  alkali  for  the  different  acids 
is  the  lame  as  that  of  the  attractions  of  pot-afh 
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weaker  than  thofe  of  pot-afh,  which  feparates 
foda  from  all  the  faline  compounds  of  which  it 
forms  a part.  Soda,  therefore,  ought  to  he 
placed  immediately  below  pot-afh,  and  confe- 
quently  in  the  fécond  rank  below  barites  in 
the  table  of  their  mutual  and  comparative  at- 
traétions  for  the  acids. 

15.  Soda  combines  very  eafily  with  filex  by 
the  dry  way,  and  converts  it  into  glafs  : it  even 

with  more  facility 
than  it  is  diffolved  by  pot-afh  : it  is,  therefore, 
preferred  by  glafs  makers.  The  notions  which 
have  been  given  relative  to  the  nature  and  fa- 
brication  of  glafs,  under  the  article  of  pot-afh, 
muft  be  applied  here.  It  will  only  be  ne- 
ceffary  to  add  tliat  foda,  or  the  fixed  alkali  in 
general,  which  is  engaged  in  this  vitreous  com- 
bination  with  filex,  not  only  lofes  its  deli- 
quefeent  foluble  property,  & c.  but  it  is  alfo 
very  difficult  to  be  feparated  from  it  by  the 
acids,  fince  the  latter,  when  contained  in  veffels 
of  glafs,  only  alter  it  in  a very  fmall  degree, 
and  becaufe  they  muft  long  be  left  in  contact, 
and  even  made  to  boil  over  glafs  reduced  to  very 
fine  particles,  in  order  to  prove  the  prefence  of 
alkali  in  that  compound,  and  particularly  to 
afeertain  its  quantity.  Soda  diffolves  filex  when 
well  pulverized,  even  in  the  humid  way,  like 
pot-afh,  and  the  earth  is  feparated  froin  it  by 
means  of  the  acids. 

16.  Alumine  is  alfo  readily  attacked  and 
eafily  foluble  by  foda  : it  is  more  foluble  by 
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foda  than  filex  is  by  pot-alh  ; and  it  has  a great- 
er attraction  than  the  former  earth  for  the  two 
fixed  alkalis.  Soda  may,  therefore,  be  employ- 
ed like  pot-alh  for  diffolving  and  feparating 
alumine  from  glucine  and  zircone,  as  foda  does 
not  diffolve  thefe  better  than  pot-afh  does.  By 
thefe  properties,  it  may  ferve,  like  the  latter,  for 
the  analyfis  of  ft  ou  es. 

17.  Soda  has  no  attraction  for  the  two  alka- 
line earths,  and  forms  no  union  either  with  mag- 
nelia  or  lime;  it  does  not  a Cl  upon  them  either 
in  the  dry  or  humid  way  ; it  has  more  attrac- 
tion for  the  acids  than  thofe  alkaline  earths  ; 
from  which  it  completely  leparates  them. 

18.  There  is  no  known-  aCtion  between  foda, 
barites,  and  pot-afh  ; they  mix,  however,  and 
are  confounded  by  fufion,  and  by  folution  in 
water  ; but  on  ex  poking  this  folution  to  the  air, 
the  barites,  which  forms  dry  pellicles  at  the 
furface,  may  be  feparated,  and  on  evaporating 
the  refid  mini  to  dry  nefs,  the  pot-alh  may  be 
obtained  in  an  infuiated  fftate,  which  liquefies 
in  the  air  while  the  foda  dries  in  it.  The  acids 
are  employed  with  ft  ill  more  advantage  for  this 
feparation,  on  account  of  the  different  laits  that 
«the  three  alkaline  bales  make  with  thofe  bodies, 
and  of  the  various  degrees  of  cryftallizability 
and  fallibility  of  thofe  laits,  &c. 

19.  If  we  compare  the  properties  of  foda 
with  thofe  of  pot-alh,  it  will  be  found  that  in 
their  ftate  of  purity  or  inhibition,  there  are  the 
greateft  and  ftrongeft  analogies  between  then^ 
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and  aim  oft  the  fame  as  is  obferved  between  ba- 
rites and  ftrontian.  There  is  fcarcely  any  fact 
but  the  non-deliquefcence  anti  the  want  of 
foftening  in  the  air,  by  which  it  can  be  diftin- 
guiflied  from  pot-afh  ; much  practice  in  expe- 
riments with  thefe  two  alkalis  is  alfo  neceffarv, 
in  order  to  learn  how  to  diftinguifh  them,  un- 
lefs  they  are  combined  with  the  acids,  and  their 
fahne  compounds  examined,  which  afford  very 
fenfible  differences  between  them. 

20.  The  intimate  nature  of  foda  is  no  better 
known  than  that  of  pot-afh.  Some  faéts  and 
analogies  have  induced  me  to  think,  for  feveral 
years  pafl,  that  foda  is  formed  of  magnefia 
fatu rated  with  azote.  My  opinion,  in  this  re- 
fpect,  principally  refted  upon  the  conftancy 
with  which  this  earth  accompanies  foda  in  wa- 
ters and  the  various  compounds  of  which  that 
alkali  forms  a part,  particularly  in  animal  mat- 
ters and  marine  products.  Citizen  Vauquelin 
found  magnefia  in  abundance  in  the  allies  of 
the  Salfola  foda.  Several  chemifts  have  adopt- 
ed rny  conjecture.  Lorgna  has  given  a parti- 
cular defeription  of  a feries  of  experiments,  from 
which  it  appears,  that  a great  quantity  of  mag- 
nefia may  be  obtained  during  the  extraction  and 
purification  of  foda.  But  I ought  to  add,  that 
no  fact  direct  or  pofitive,  no  experiment  fyn- 
thetical  or  analytical,  has  hitherto  proved  this 
affertion.  I ought  alfo  to  obferve  that,  for  my 
own  part,  I confider  it  only  as  an  hypothefis, 
which  ought  not  to  be  confounded  with  the 
exact  acquiiitions  of  fcience. 
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21.  The  precife  knowledge  of  foda,  particu- 
larly fmce  the  late  difcoveries  of  modern  die- 
mifts,  fmce  the  art  of  brin  duo-  it  to  a great  de- 
gree  of  purity  unknown  to  philofophers  till  the 
period  when  Citizen  Berthollet  defcribed  the 
life  of  alcohol  in  this  preparation,  have  already 
had,  and  will  continue  to  have  a very  great  in- 
fluence on  the  progrefs  of  the  human  mind. 
The  part  that  foda  acts  in ’chemical  phenomena 
has  certainly  extended,  and  cannot  fail  ftill  far- 
ther to  extend  a light  which  mult  contribute, 
in  a lingular  degree  to  the  progrefs  of  fcience, 
and  equally  conduce  to  the  perfection  of  the 
chemical  arts.  Few  chemifts,  however,  have 
yet  prepared  and  examined  pot-alh,  or  foda  very 
pure,  and  moft  of  them  ftill  daily  take  for  thefe 
alkalis,  impure  matters  which  retain  carbonic 
acid,  lilex,  alumine,  and  faits,  and  which  con- 
fequently  have  not  all  the  energy  or  activity  of 
thofe  alkalis.  They  are,  alfo,  ftill  unacquainted 
with  the  methods  of  obtaining  every  poffible 
advantage  from  this  agênt,  notwithstanding 
the  important  means  of  analvfis  which  it  af- 
fords. 

22.  Soda  may  be  ufed  for  the  fame  purpofes 
as  pot-alh,  and  may  be  employed  like  it  in  the 
arts.  Accordingly  it  is  frequently  ufed  as  a fub- 
ftitute  for  pot-alh.  It  a<5ts,  like  the  latter, 
upon  animal  fubftances,  is  externally  caultic, 
and  internally  folvent  and  lithontriptic  ; it  is 
made  ufe  of  in  medicine  for  the  fune  indica- 
tions. It  even  appears  to  be  preferable  to  pot- 
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uih  as  a medicine,  on  account  of  its  analogy 
with  animal  fubftances,  which  always  contain 
it,  while,  on  the  contrary,  no  portion  of  pot- 
alh  is  found  in  them.  Some  phyfiologifts  have 
imagined  that  the  pot-alh,  contained  in  all  ali- 
mentary vegetables,  is  converted  into  foda  by 
the  procefs  of  animalization  ; but  this  idea  is  not 
yet  confirmed  by  any  accurate  experiment. 

Soda  is  employed  in  many  of  the  arts.  It 
is  particularly  ufeful  in  the  manufacture  of  glafs 
and  foap,  in  leys,  dyeing,  and  the  preparation 
of  Pruffian  blue,  lacquers,  and  paper.  It  is 
often  preferred  to  pot-alh  In  rnoft  of  the  manu- 
factures, becaufe  it  is  milder,  much  lefs  acrid, 
and  is  not  capable  like  that  alkali  of  attacking*, 
or  weakening,  the  texture  of  piece  goods,  or  of 
corroding  and  deftroying  utenfils  of  wood,  me- 
tal, &C. 


Article  XIL 
Of  Strontian. 

A FEW  years  ago,  when  the  properties  of 
ftrontian  were  difeovered,  and  this  fubftance 
was  diftinguifiied  from  barites,  with  which  it 
had  at  firit  been  confounded,  its  analogy  with 
the  latter,  neverthelels,  made  fuch  a forcible 
impreffion,  that  they  Arere  placed  together  in 
* ' all 
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all  methodical  works,  and  chemifts  were  con- 
tented with  merely  pointing  out  the  flight  dif- 
ferences between  them.  A more  profound  m- 
veftigation  of  its  properties  and  chemical  cha- 
racters, having  confirmed,  in  my  mind,  its  fimi- 
larity  to  barites,  and  induced  me  to  withdraw 
it,  like  the  latter  from  the  order  of  earths,  in 
order  to  arrange  it  among  the  alkalis,  has  alfo 
required,  in  confequence  of  the  method  I had 
made  choice  of,  that  I fhoukl  place  it  after 
foda,  on  account  of  its  general  order  of  at- 
tradtion  for  the  acids.  The  diver fity  of  the  che- 
mical attractions  appears  to  me  like  that  of  the 
fpecific  gravities,  to  place  bodies  at  a ftill  great- 
er diftance  from  each  other,  than  the  analogy  of 
fev  era!  other  kinds  of  properties  appears  to  con- 
ned! them. 

2.  The  name  of  ftrontian  has  been  given  to 
this  fpecies  of  alkali,  from  that  of  ftrontian ite, 
which  Sulzer,  the  mineralogift  of  Roneburg, 
had  affigned  to  the  faline  ftone  from  which  it 
was  extracted,  and  which  w^as  fir  ft  difcovered  at 
Strontian  in  Argylllhire,  in  the  North  of  Scot- 
land. As  it  has  already  been  well  afcertained 
that  Nature  has  not  placed  this  alkaline  bafe 
in  one  place  only,  and  that  there  is  reafon  to 
believe  its  faline  combinations  may  be  found  in 
many  countries,  like  thofe  of  barites,  with 
which  it  has  lo  much  analogy,  it  were  to  be 
wilhed,  that  it  had  been  diftinguifhed  by  a de- 
nomination different  from  that  of  the  place 
where  it  was  ILft  d il  cove  red,  a denomination 
expreflive  of  its  properties.  But  the  word 
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ftrontian  being  already  known  and  adopted  in 
Europe,  I baye  not  thought  proper  to  change 
it,  as  I know  of  no  more  appropriated  denomi- 
nation that  could  be  fubftituted. 

3.  Strontianite,  or  the  fofftl  which  fur  ni  flies 
ftrontian,  has  been  for  fome  time  confound- 
ed with  witherite,  a natural  compound  of 
barites  and  carbonic  acid,  which  was  fir  It  made 
known  by  Dr.  Withering,  and  for  fome  time 
bore  his  name  ( witherite ).  M.  Klaproth,  of 
Berlin,  firft  diftinguifhed  it  from  the  car- 
bonate of  barites,  and  difcovered  that  it  con- 
tained what  lie  denominated  an  earth , dif- 
ferent from  the  latter.  This  difcovery  wTas  an- 
nounced in  CrelPs  Annals,  at  the  end  of  the 
year  1793,  or  about  the  beginning  of  1794. 
A fliovt  time  after,  Mr.  Hope,  a chemin  of 
Edinburgh,  the  fucceffor  of  Dr.  Black,  laid 
before  the  Ployai  Society  of  that  city,  a very 
elaborate  work  on  the  properties  of  the  {iron- 
tianite,  in  which  he  compared  it  to  barites. 
The  earlieft  notions  which  were  received  in 
Trance  on  this  fubjebt,  fi rft  induced  the  Trench 
chemilts  to  imagine  that  this  bafe  was  not  dif- 
feront  from  barites  ; but  Pelletier,  Citizen 
Vauquelin,  and  myfelf,  having  occafion  to  ex- 
amine it,  were  convinced,  that  notwithstanding 
the  very  remarkable  connection  with  it,  it  ought 
neverthelefs  to  be  diftinguifhed,  and  admitted 
as  a particular  fubftanee. 

4.  In  order  to  obtain  ftrontian,  its  natural 
combination  with  the  carbonic  acid  is  decom- 
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pofed,  by  calcining  it  by  heat,  after  having 
mixed  it  with  charcoal,  and  walking  the  reli- 
duum  with  water,  which  diffolves  the  calcined 
ftrontian  ; or  by  diifolving  this  native  fait  in 
the  nitric  acid,  and  expelling  this  acid  by  a 
ftrong  heat,  which  at  lad  leaves  the  ftrontian 
pure  in  fragments,  melted  or  foftened  ; or  by 
precipitating  the  foliation  of  the  fame  fait  in 
the  muriatic  acid,  by  the  fixed  alkalis  which 
feparate  it  from  them,  which  is  not  the  cate 
with  barites,  as  will  be  feen  in  the  follow- 
ing article.  In  this  third  operation,  it  is  in 
the  form  of  a white  powder,  but  it  contains 
water  between  its  particles,  and  is  neither  fo 
pure,  nor  fo  acrid,  as  that  which  is  produced 
by  the  decompofition  of  the  nitrate  of  ftrontian 
bv  heat. 

1/ 

5.  In  thofe  places,  where  Nature  affords  only 
the  fulphate  of  ftrontian,  as  at  Paris,  where  it 
has  juft  been  difcovered  in  abundance  in  the 
roads  of  Montmartre,  this  fait  is  decompofed 
with  charcoal  by  means  of  heat,  and  is  thus 
converted  into  lulphuret  of  ftrontian  which  is 
diffolved  in  water  ; this  folution  is  precipitated 
by  the  nitric  acid;  the  nitrate  of  ftrontian  is 
evaporated  in  order  to  dry  it,  and  it  is  then 
decompofed  in  doled  veffels.  It  has  alfo  been 
propofed  to  decompofe  the  fulphate  of  ftron- 
tian, by  boiling  it  with  a folution  of  carbonate 
of  foda  or  pot-alh,  by  diifolving  with  the  ni- 
tric acid  the  carbonate  of  ftrontian,  which  is 
formed,  and  remains  at  the  bottom  of  the  li- 
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quid  iu  a white  powder,  after  having  been 
walked,  and  by  evaporating  this  folution  to 
drynefs,  in  order  afterwards  to  decompofe  the 
nitrate  of  ftrontian  by  heat.  I believe  this  al- 
kali might  be  obtained  ftill  more  limply,  by 
treating  the  native  fulphate  of  ftrontian  by  fo- 
lotions  of  barites,  pot-afh,  or  foda.  The  firffc 
will  even  have  the  advantage  of  fpeedily  ob- 
taining the  ftrontian,  feparate  in  folution  in  the 
water,  becaufe  the  fulphate  of  barites  which 
is  formed,  will  remain  in  an  infoluble  powder 
at  the  bottom  of  the  liquor. 

6.  Pure  ftrontian,  hitherto  obtained  only  by 
the  action  of  heat,  which  decompofes  its  ni- 
trate, is  in  fragments,  or  pieces  of  a whitilli- 
grey  colour,  often  porous,  of  a hot,  acrid,  al- 
kaline,  or  urinous  tafte,  more  powerful  than  that 
of  lime,  but  lefs  burning  than  that  of  barites, 
pot-afh,  or  foda;  itsfpecihc  gravity  is  rather  lefs 
than  that  of  barites,  but  evidently  greater  than 
that  of  pot-afti  and  foda.  Its  weight,  however, 
is  fufficiently  analogous  to  that  of  barites  to 
fuflfer  it  to  be  confounded  with  this  laft  alkali. 
It  adts  but  feebly  upon  the  fkin  and  animal 
matters.  It  very  ftrongly  changes  to  green, 
violets,  mallows,  the  rind  of  radifhes,  and  in 
general,  all  vegetable  colours  fufceptible  of 
taking  this  tint  by  the  addon  of  alkaline 
matters. 

7.  Light  exerts  no  fenfible  action  upon  ftron- 
tian, though  there  appears  to  be  a particular 
attraction  between  tliofe  two  bodies,  as  the 
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phofphorefcent  property  about  to  be  described 
appears  to  indicate.  On  being  heated  in  a vef- 
fel  of  infufible  metal,  fuch  as  a veffel  of  platina, 
it  may  be  kept  a long  time  ignited,  without  un- 
dergoing any  change,  either  in  its  appearance 
of  fufion,  of  volatilization,  or  fublimation.  In 
a porcelain  retort  it  contracts  a greeniih  colour, 
as  does  barites,  particularly  at  the  part  which 
touches  the  retort.  When  treated  in  the  final! 
way  by  the  blow-pipe,  it  does  not  melt  like 
the  latter,  but  is  penetrated  by  light,  and  is 
furrounded  by  a white  flame,  fo  brilliant  that 
the  eye  is  affected  by  it  fimilar  to  the  injury  it 
receives  by  the  afpedt  of  the  fun.  It  may  be 
faid,  on  examining  with  attention  this  beauti- 
ful phenomenon,  that  ftrontian  has  the  pro- 
perty of  fixing  and  condenfing  light.  We  muft 
not  attribute  to  pure  ftrontian  the  property  of 
forming  by  fufion  a white  and  opaque  glafs  ; as 
is,  in  fact,  the  cafe  with  ftrontian ite,  or  the  na- 
tive carbonate  of  this,  and  alio  with  that  of  ba- 
rites when  urged  by  flame  before  the  blow-pipe.. 

8.  There  is  no  attraction  between  ftrontian 
and  oxigen  ; it  does  not  abforb  it  from  ox i gen 
gas,  which  it  does  not  alter,  nor  from  any 
other  burned  body.  It  is  the  fame  with  azote, 
as  it  docs  not  abforb  azote  gas,  nor  docs  it  fe- 
parate  it  from  any  of  the  bodies  which  con- 
tain it.  From  thefe  refults  relative  to  the  two 
p-afes  which  conftitute  common  air,  it  is  evi- 
dent  that  it  is  neither  upon  one  nor  the  other 
of  thefe  gaffs,  but  upon  the  water  and  carbo- 
nic acid  gas  that  ftrontian  a<fts,  when  it  is 
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kept  immerfed  in  it  ; fo  that  the  effeéts  about 
to  be  defcvibed  are  the  more  fpeedy  and  ener- 
getic as  the  air  is  more  humid,  as  the  water  is 
lefs  intimately  combined,  and  as  it  contains 
more  carbonic  acid  gas.  When  expofed  to 
the  air,  very  cauftic  ftrontian  fwells,  bubbles* 
divides,  becomes  hot,  and  is  converted  into  a 
white  voluminous  powder,  which  is  no  longer 
acrid,  nor  has  it  the  property  of  heating  or 
boiling  with  water.  Thefe  cffedts  are  lefs  quick 
and  energetic  in  ftrontian  than  in  barites  only, 
which  affords  them  with  much  more  activity. 
Thus  efflorefced  and  extinguithed,  the  ftron- 
tian is  found  to  have  increafed  in  weight  by 
the  water  which  it  has  abforbed.  At  the  ex- 
piration of  feme  days  it  is  loaded  with  atmo- 
fpherical  carbonic  acid,  and  becomes  effer- 
vefcent.  It  is  worthy  of  remark  here,  that 
this  property  which  announces  a very  ftrong 
attraction  between  atmofpheric  water  and  ftron- 
tian, which  appears  to  be  common  to  ftrontian 
and  barites,  and  confcquently  to  authorife  the 
analogy  that  has  been  eftablifticd  between  them, 
is  not  to  be  met  with  in  pot-afh  and  foda,  though 
they  are  likewife  ftmilar  in  other  refpedts  ; fo 
that  the  four  fixed  alkalis  are  naturally  divided 
into  two  kinds  of  families,  the  one  verv  eaper 
for  the  water  of  cryftallization,  and  abforbing  it 
from  the  air,  in  order  to  affume  the  cryftalline 
form  ; the  other  more  foluble,  and  quickly  li- 
quefying in  the  water  yielded  to  it  by  the  atmo- 
fphere, 
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9.  There  is  no  known  action  between  hidro- 
gen  gas,  nor  any  attraction  between  hidrogen 
and  ftrontian.  Its  action  upon  phofphorus  is 
entirely  fimilar  to  that  of  barites,  which,  be» 
caufe  more  energetic,  was  delcribed  at  great- 
er length.  It  combines  with  fulphur,  like  the 
latter  in  the  dry,  and  in  the  humid  way.  It 
diffolves  more  than  one  third  of  its  weight  of 
that  fubftance.  The  fulphuret  of  ftrontian  has 
the  greateft  fimilarity  to  barites.  Like  the  lat- 
ter, it  is  either  pure  or  hidrogenated.  Stron- 
tian,  lrkewife,  combines  with  fulphurated  hidro- 
gen, and  forms  an  hidro-fulpliuret,  the  proper- 
ties of  which  referable  tliofe  of  the  fame  com- 
bination with  barites.  When  hidrogenated 
fulphuret,  as  well  as  the  hidro-fulphuret  of  ftron- 
tian, is  decompofed  by  an  acid,  the  fulphurated 
hidrogen  gas,  which  is  difengaged,  burns  with  a 
fine  purple  flame,  becaufe  it  carries  with  it  a final! 
quantity  of  ftrontian  in  folution.  I here  rapid- 
ly point  out  thefe  combinations,  becaufe  I have 
delcribed  them,  with  much  more  precilion,  un- 
der the  article  of  barites,  which  prefents  them 
fiill  more  evident  though  very  analogous. 

There  is  no  reciprocal  addon  between  ftron- 
tian, carbon,  the  diamond,  and  the  metals. 

10.  The  phenomena,  prefented  by  ftrontian 
with  water,  are  fo  fimilar  to  tliofe  afforded  by 
barites,  that  this  refemblance,  even  for  a length 
of  time,  induced  the  French  chemifts  to  believe 
that  thefe  two  fubftances  were  exactly  of  the 
fame  nature,  or  that  they  were  but  one  fub- 
ftance» 
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fiance.  A fmall  quantity  of  water  poured  upon 
very  cauftic  ftrontian,  caufes  it  to  melt  and  bub- 
ble up  with  noife  and  beat  ; it  hardens  and  pre- 
fen ts,  like  barites,  under  fimilar  citfcumftances, 
the  rudiments  of  cryftallization.  If  more  wa- 
ter be  added,  it  is  diluted  and  diffolves.  But 
there  is  here  one  of  the  moft  remarkable  dif- 
ferences ; a much  greater  quantity  of  water  is 
neceffary  to  diffolve  it,  than  is  required  by  ba- 
rites.  M.  Klaproth  found  that  it  required  more 
than  two  hundred  parts  of  water  at  ten  degrees 
of  temperature  to  hold  it  in  folution. 

Hot  water  takes  up  much  more  of  it  than 
cold,  and  a boiling  folution  of  ftrontian  depoftts 
the  greateft  part  of  its  earth  in  cryftals,  by 
cooling.  Its  cryftals  differ  in  their  form  from 
thole  of  barites  which  announces  a difference 
in  its  nature.  They  frequently  afford  a kind 
of  plates,  or  rhomboidal  tables,  lefs  difpofed  to 
form  prifrns  than  thole  of  barites.  They  fome- 
times,  however,  allume  the  figure  of  flat  fatin- 
like needles,  or  compreffed  prifrns.  This  white 
cryftallized  ftrontian  efflorefces  in  the  air  ; it 
is  of  an  acrid  tafte,  and  almoft  cauflic. 

11.  The  folution  of  ftrontian  in  water  is 
acrid,  alkaline,  and  cha  ges  blue  vegetable  co- 
lours to  green  : it  becomes  covered  with  a pel- 
licle when  expofed  to  the  air,  like  that  of  ba- 
rites,  in  proportion  as  it  abforbs  the  carbonic 
acid  of  the  atmofphere  ; it  is  not  venomous  to 
animals,  like  the  latter.  When  diftilled  it 
leaves  the  ftrontian  pure,  but  flaked,  that 
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is  to  fay,  faturated  with  water,  r folid  or  dry, 
or  retaining  its  water  of  cryftallization,  with 
which  it  has  fo  much  attraction. 

12.  No  exaCt  information  has  yet  been  ob- 
tained relative  to  the  combinations  of  ftrontian 
with  the  metallic  oxides  ; but  its  analogies 
with  barites  fufficiently  announce  that  it  is  fuf- 
ceptible  of  adhering  to  them,  like  the  latter,  and 
that  in  thefe  combinations  it  will  afford  fome 
interefting  phenomena. 

13.  Strontian  readily  combines  with  all  the 
acids.  It  is  in  the  properties  of  the  faits  which 
it  forms  with  them,  that  the  principal  difference 
conflits  between  this  earth  and  barites,  with 
which  it  is,  befides,  fo  nearly  connected  by 
many  characters.  Various  other  properties  of 
the  faits  with  bafe  of  ftrontian,  appear  to  con- 
found  it  with  barites  : but  a difference  which 
is  alone  fufficient  to  diftinguiih  them  with 
certainty  is,  that  ftrontian,  in  general,  has  lefs 
attraction  for  the  acids  than  the  three  firft  men- 
tioned fixed  alkalis  have,  and  confequently  that 
it  can  be  feparated  from  them  by  pot-afh  and 
foda,  while  barites,  which  is  ftronger  than  the 
two  latter,  alfo  completely  and  fpeedily  preci- 
pitates ftrontian  from  all  its  faline  combinations. 
I have  already  feveral  times  obferved,  and  it  will 
be  ufeful  here  to  recur  to  my  obfervation,  that 
it  is  more  efpecially  in  the  difference  of  the  che- 
mical attractions,  that  the  real  diverfity  which 
exifts  between  the  productions  of  nature  ought  to 
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be  made  to  conflit  ; and,  in  this  refpeét,  ftron- 
tian  widely  differs  from  barites. 

14.  Although  the  attractions  and  effects  of 
ftrontian  upon  the  earths  have  been  but  (lightly 
examined,  the  experiments  of  Citizen  Vauque- 
lin  are  fufficient  to  prove  that,  when  treated  by 
heat  with  file x ail d alumine,  ftrontian  ads  upon 
them  in  the  manner  of  fixed  alkalis,  as  barites 
has  been  feen  to  ad,  according  to  the  refult  of 
the  fame  experiments.  Three  parts  of  ftron- 
tian. and  one  part  of  filex,  ftrongly  heated  in  a 
filveC crucible,  for  the  courfe  of  an  hour,  afford 
a grey,  fonorous,  vitrified  mafs,  perforated  in  fe~ 
veral  points,  without  any  fenfible  tafte,  no  Ion- 
ger  becoming  hot  in  water,  like  ftrontian,  but 
little  foluble  in  this  liquid,  carrying  with  it, 
however,  fome  filex,  which  the  muriatic  acid 
dilfolves,  and  depofits  in  jelly  by  evaporation. 

Five  parts  of  ftrontian,  and  one  part  of  alu- 
mine, recently  precipitated,  and  ftill  humid, 
when  boiled  with  water,  afforded  a folution  of 
a fmall  quantity  of  ftrontian  and  alumine,  as 
well  as  another  portion  of  this  alkali  and  earth 
which  formed  an  infipid  combination,  infoluble 
in  water,  and  foluble  without  effervefcence  in 
the  acids. 

We  may  here  eafdy  perceive  an  action  analo- 
gous to  that  of  pot-aili  and  foda  on  filex  and 
alumine,  but  it  is  more  feeble,  and  indicates 
that  thefe  filiceous  and  aluminous  combinations 
with  barites  and  ftrontian  may  be  found  among 
the  (tones,  and  employed  with  advantage  in 
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glafs-making,  potteries,  in  the  manufacture  of 
glafs,  pottery,  enamels,  &c* 

There  is  no  known  combination  between 
ft rontian,  glucine,  zircone,  magnefia,  lime,  ba- 
rites, pot-afh,  and  foda. 

15.  On  comparing  the  properties  of  ftrantian 
with  thole  of  barites,  we  find  that,  notwith- 
standing the  general  refemblance  of  thefe  pro- 
perties, it  differs,  however,  by  being  lefs  harfh, 
lefs  heavy,  phofphorefcent,  • colouring  flame 
of  a purple,  infufibility,  a folubility  ten 
times  lefs,  a form  really  different,  and  parti- 
cularly by  the  faline  compounds,  and  the  much 
weaker  order  of  its  attractions.  Two  elfential 
differences  may  here  he  obferved,  the  one  that 
of  changing,  by  its  faline  compounds,  and  par- 
ticularly by  its  muriate,  the  flame  of  alcohol  to 
a hue  red  purple,  while  barites  only  turns  it 
yellow  ; the  other,  a difcovery  or  confrmation 
by  Pelletier,  is  that  of  its  not  being  poifonous 
like  the  latter. 

1 6.  The  intimate  nature  or  compofition  of 
ftrontian  is  no  better  known  than  that  of  all 
the  other  earthy  and  alkaline  bales.  It  ought 
no  longer  to  be  fuppofed,  at  leaf!  w ithout  ad- 
mitting an  hypothefis  deftitute  of  proof,  that 
it  is  formed  of  a metallic  oxide,  any  more  than 
could  be  faid  of  barites.  It  is  even  reverfing, 
by  an  improbable  hypothefis,  all  the  re- 
ceived ideas,  to  regard  it  as  a burned  body, 
as  an  oxide.  Strontian  has  not  yet  been  em- 
ployed for  any  purpofe;  it  has  been  too  feldom 

met 


AMMONIA. 


323 


met  with  in  foffils  ; though  there  is  reafon  to 
believe,  that  it  is  very  abundant  in  nature  ; be- 
Tides  which  its  properties,  and  thofe  of  its  com- 
binations, have  not  yet  been  fufficiently  ex- 
amined to  apply  it  to  any  ufeful  purpofe;  but 
it  is  to  be  hoped  that  it  may  hereafter  .become 
of  great  utility  in  the  arts. 


\ 

Article  XIIL 
Of  Ammonia , 

1.  AMMONIA,  the  fifth  and  weakeft  kind 
of  alkali,  was  formerly  denominated  volatile 
alkali , volatile  fpirit  of  fai  ammoniac,  fluor  vo- 
latile alkali , and  cauftic  volatile  alkali . The 
word  ammonia , adopted  fmce  1787,  is  derived 
from  fal  ammoniac,  from  which  this  fpecies  of 
alkali  is  commonly  extracted,  and  the  name  of 
which  itfelf  is  derived  from  Ammonia,  a coun- 
try of  Lybia,  where  this  fait  has  been  prepared, 
from  time  immemorial,  from  fand,  impregnated 
with  camels  urine  and  excrement,  which  will  be 
fpoken  of  in  the  following  febtion.  The  word 
ammoniac  has  received  in  the  French  methodical 
nomenclature  the  termination  of  aque , in  order  to 
render  it  fimilar  to  thofe  of  barites,  pot-afh,  &c. 
in  the  genus,  as  that  alkali  is  by  its  properties. 

Y 2 • % Ammonia 


su 


AMMONIA. 


2.  Ammonia  appears  to  have  been  abfolutely 
unknown  to  the  ancients.  It  was  in  the  fif- 
teenth century,  in  the  works  of  Bafii  Valentine 
that  the  fir  ft  idea  was  publifhed  of  the  repara- 
tion of  this  alkali,  and  of  fome  of  its  proper- 
ties. At  the  clofe  of  the  feventeenth  century 
it  was  not,  however,  diftinguifhed  from  the 
other  falifiable  bales,  though  the  method  of 
obtaining  it  from  diftilled  animal  matters  was 
known,  and  it  had  even  then  been  defigned  by 
the  names  of  volatile  fpirit , volatile  fait  of  blood, 
of  the  viper,  of  hartfhorn,  See.  The  an  a W fis  of 
fal  ammoniac,  which  was  not  made  with  atten- 
tion till  the  beginning  of  the  eighteenth  cen- 
tury, was  the  epoch  when  it  was  difeovered  to 
be  very  different  from  the  fixed  alkalis,  and 
when  the  name  of  volatile  alkali  began  to  re- 
ceive an  exact  appreciation.  From  that  period 
till  the  dilcoveries  of  Black,  on  the  two  ftates 
of  cauftic  and  mild  alkalis,  on  their  being  ren- 
dered mild  by  fixed  air,  or  carbonic  acid,  a 
continual  error  prevailed  relative  to  volatile  al- 
kali ; it  was  fuppofed  to  be  pure  only  when  in 
the  cryftalline  and  folid  form  ; a fait  was  then 
miftaken  for  this  fub fiance  ; in  its  pure,  cauftic, 
and  fluid  ftate,  it  was  fuppofed  to  be  changed, 
and,  as  it  were,  fpoiled  by  lime,  or  the  different 
fubftances  which  had  been  ufed  to  extract  it 
from  fal  ammoniac,  though  this  was  its  real, 
pure,  and  natural  ftate.  This  error  was,  at 
length,  deftroyed  by  the  difeovery  of  the  car- 
bonic acid.  Dr.  Prieftley  foon  afterwards  ex- 
amined 
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amined  it  under  the  form  of  gas,  and  decom- 
pofed  it  by  electricity,  without  however  know- 
ing of  what  it  confifted.  Scheele  and  Berg- 
mann,  by  their  exertions,  afcertained  its  com- 
pofition  between  the  years  1775  and  1788. 
Citizen  Berthollet  determined  it  with  accuracy, 
by  explaining  its  formation  and  decompofition 
in  1785.  It  is  fmce  this  laft-mentioned  epoch, 
that  the  hiftory  of  this  fpecies  of  alkali  has  been 
rendered  complete,  and  as  eafy  to  be  explained 
as  conceived,  fmce  none  of  its  properties  remain 
obfcure. 

3.  Ammonia  exifis  in  nature,  but  in  far  lefs 
quantity,  lefs  generally,  and  is,  in  fome  degree, 
lefs  permanent  than  the  other  four  alkalis,  be- 
en ufe  it  appears  to  be  both  more  eafdy  formed, 
and  more  readily  decompofed.  It  is  laid  to  be 
found  in  the  vicinity  of  volcanos,  combined 
with  the  fulphureous  and  fulphuric  acids  ; it  is 
not  met  with  among  the  foflil  faits  it  is  incef- 
fantly  difen o;aa:ed  from  fome  vegetable  fuh- 
ft  an  c es,  and  particularly  from  anima,  matters 
during  their  putrefaCtion  on  the  furface  of  the 
globe.  That  which  is  procured  for  the  ufe  of 
the  arts  and  chemical  laboratories,  is  aim  oft  al- 
ways the  produce  of  one  entire  fabrication.  It 
is  made  in  the  direCl  way,  by  decompofing  ani- 
mal fubftances  by  heat  in  a diftilling  appara- 
tus ; and  this  is  the  fame  as  that  which  takes 
place  in  the  manufacture  of  fal  ammoniac,  or 
the  muriate  of  ammonia,  in  whatever  manner 
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ner,  or  by  whatever  procefs  it  may  be  pre- 
pared. 

4.  As  this  fait  Is  prepared  in  the  large  way  in 
many  manufactories,  and  as  it  is  a fort  of  re- 
fer voir  for  chemifts.  wherein  the  ammonia,  be- 
ing contained  in  abundance,  and  completely 
formed,  may  be  extracted  pure  by  eafy  and 
fpeedy  means,  it  is  commonly  from  this  fait 
that  it  is  feparated,  by  means  of  lime,  which 
has  more  attradtion  for  the  muriatic  acid  than 
ammonia  has,  and  which  difengages  the  latter 
eafily  and  rapidly,  in  proportion  as  the  lime 
combines  with  the  acid.  As  the  procefs  by 
which  this  ufeful  prod  net  is  obtained,  belongs  en- 
tirely to  the  hiftory  of  the  muriate  of  ammonia, 
and  will  neceffarily  be  deferibed  in  the  article 
devoted  to  the  muriatic  faits,  I need  here  only 
indicate  the  reluit  which  it  affords.  In  chemi- 
cal laboratories,  as  well  as  in  feveral  manufac- 
tories, ammonia  may  alfo  be  fabricated,  and 
even  obtained  in  great  quantities  by  the  diftil* 
lation  of  animal  fub fiances,  * particularly  from 
urine,  putrid  fleili,  cuttings  of  wool,  from 
bones,  treated  either  in  retorts,  or  in  iron  or 
eathen  tubes,  with  a very  fnnple  apparatus,  to 
conduct  the  ammoniacal  vapour  into  water 
where  it  is  condenfed.  This  fpeeies  of  liquid 
ammonia  muft  then  be  purified,  as  in  this  hr  ft 
preparation  it  is  foul,  and  impregnated  with  oil  ; 
it  muft  therefore  he  rectified  by  a gentle  heat, 
after  having  mixed  with  it  a (mail  quantity  of 
lime. 
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5.  Ammonia  may  be  eafily  obtained  in  gas, 
either  by  the  experiments  already  pointed  out, 
or  by  a procefs  made  ufe  of  for  the  purpofe,  of 
heating  muriate  of  ammonia  mixed  with 
quick-lime,  or  with  liquid  ammonia,  extracted 
by  the  method  already  mentioned,  in  a fmall 
retort,  or  matrafs  of  glafs,  terminated  by  a 
long  neck  or  tube,  placed  in  a receiver  full  of 
mercury,  in  a tub  filled  with  the  fame  metal.- 
As  in  the  gafeous  ftate  the  ammonia  is  more 
pure  than  when  in  the  liquid  form,  the  properties 
of  ammoniacal  gas  fir  all  firft  be  deferibed,  and 
afterwards  liquid  ammonia,  when  the  examina- 
tion of  the  properties  of  this  gafeous  body  iliall 
have  led  to  its  combination  with  water,  and 
the  formation  of  ammonia  from  it  in  its  com- 
mon ftate,  in  which  ftate  it  is  molt  eafily 
preferved,  and  moft  frequently  employed,  on 
account  of  the  fmallnefs  of  its  bulk. 

6.  Ammoniacal  gas,  enclofed  in  a receiver, 
perfectly  refembles  air,  by  its  tranfparence 
and  invifibility,"  as  well  as  by  its  compreffi- 
hility,  though  it  differs  from  that  fluid  in  all  its 
other  properties.  It  is  lighter  than  common 
air  ; Kirwan  found  that  a cubic  inch  of  this 
gas  weighed  only  0,27  parts  of  a grain,  while 
air  weighs  only  0,46.  Its  weight,  therefore,  is 
not  quite  the  half  of  that  of  air.  It  has  a 
quick,  pungent,  and  acrid  fmell,  which  ftrong- 
Jy  irritates  the  eyes  and  nofirils,  re h ores  the 
relaxed  motion  of  animals,  when  employed  as 
a ftimuiant  and  cordial  to  recover  them  from  a 

ftate 


AMMONIA. 


ft  ate  of  fainting  or  weaknefs.  It  is,  however, 
not  refpirable,  and  itfelf  fuffo cates  animals. 
The  fmell  of  this  gas  is  faid  to  be  urinous,  be- 
caufe,  in  fact,  corrupted  urine  exhales  a great 
quantity  of  ammoniacal  gas,  but  this  fmell, 
in  the  latter  inftance,  is  mixed  with  putrid 
effluvia. 

Ammoniacal  gas  has  an  acrid  and  cauftic 
take,  much  weaker,  however,  than  that  of  the 
fixed  alkalis,  and  it  does  not  diffolve  animal  fub- 
fiances,  as  pot-afii  and  foda  do.  It  quickly 
changes  the  colour  of  violets  and  radi flies,  to 
green,  and  turns  the  yellow  colour  of  turmeric 
to  a brown  red.  Though  it  extinguishes  light- 
ed candles,  it  confiderably  increases  their  tlame, 
and  even  deflagrates  when  very  hot. 

7.  Light  does  not  affect  ammoniacal  gas. 

, j O 

Caloric  dilates  it  in  a proportion  unknown.  Po- 
rous bodies,  as  charcoal,  fponges,  and  cork,  abforb 
and  condenfe  it.  Whatever  may  be  the  mais 
and  intenfity  of  the  caloric  with  which  it  is  im- 
pregnated, it  does  not  undergo.any  change  in  its 
nature  ; on  pafling  it  through  a tube  of  ignited 
porcelain,  it  is  not  decompofed.  Electric  fparks, 
on  the  contrary  dccompofe  it,  according  to  the 
experiments  of  Dr.  Prieftley  and  Citizen  Van 
Ma  urn;  it  there  feparates  into  two  gafes,  viz. 
azote  gas  and  hidrogen  gas.  Thus  the  electric 
fluid  infolatcs  and  diffolvcs  thofe  two  principles, 
and  melts  each  of  them  into  an  elaftic  fluid; 
and  by  this  proccfs  alone  its  nature,  compo- 
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fition,  and  even  the  proportion  of  its  two  com- 
ponent parts  are  known. 

8.  Ammoniacal  gas  has  no  action  in  the  cold 
by  Ample  contact,  or  Ample  mixture  upon 
oxigen  gas.  which  decomposes  it  at  a high  tern- 
perature.  On  pafling  thefe  two  gales,  when 
mixed  together  into  a tube  of  red-hot  porce- 
lain, there  is  a decompoAtion  of  ammonia,  an 
inflammation  and  detonation  of  its  hidrogen, 
which  paffes  to  the  ftate  of  water,  and  even  a 
formation  of  nitric  acid,  if  the  proportion  of 
oxigemgas  be  conAderable  ; but  if  this  latter 
be  not  in  a proportion  fufficient  to  futurate  the 
hidrogen  of  the  ammonia,  there  is  a refiduum 
of  azote  gas  after  the  condenfation  of  the  water 
which  is  formed.  On  making  this  experiment 
with  attention,  it  is  difeovered  that  the  azote  is 
much  more  abundant  than  the  hidrogen  in  the 
ammoniacal  compound. 

9.  There  is  no  combination  between  azote  gas 

o 

and  ammoniacal  gas.  The  common  air  formed 
from  the  two  gafes,  oxigen  and  azote,  does  not  act 
at  all  in  the  cold,  and  by  Ample  mixture  with  am- 
moniacal gas.  The  latter  being  lighter  is  dif- 
bv  it  in  the  veffels,  the  aperture  of  which  is  turn- 
- cd  up,  this  gas  diffolves  in  the  atmofphere,  and 
combines  with  its  carbonic  acid.  At  a high  tem- 
perature, in  a tube  of  red-hot  porcelain,  ammo- 
niacal gas,  mixed  with  a fufficient.  quantity  of 
atmofpheric  air,  is  burned  ; fame  water  is 
farmed,  and  the  elaftic  fluid  refiduum  contains 
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both  atmofpheric  azote  gas,  and  that  which 
proceeds  from  the  decompofition  of  ammonia. 

10.  No  effect  is  known  between  ammoniacal 
gas  and  hidrogen  gas,  at  any  temperature, 
doubtlefs  bccaufe  in  this  volatile  alkali,  there  is 
a complete  faturation  between  the  azote  and  the 
hidrogen  which  forms  it,  and  becaufe  it  cannot 
take  a greater  quantity  of  this  principle  than 
it  contains. 

11.  In  cold  no  action,  nor  combination  is  ob- 
ferved  between  ammoniacal  gas  and  carbon  ; 
this  gas  is  only  perceived  to  be  condenfed  and 
ab forked  by  charcoal.  But  when  ammoniacal 
gas  is  palled  into  a tube  of  porcelain,  contain- 
ing red-hot  charcoal,  an  acid  of  ternary  radical 
is  formed,  con  lilting  of  azote,  hidrogen,  and 
carbon,  combined,  without  doubt,  with  a fin  all 
proportion  of  oxigen,  which  is  found  in  the  wa- 
ter, accompanying  the  gas  or  the  charcoal,  or  in 
the  air  which  remains  in  the  cavity  of  the  tube. 
This  acid  will  tje  examined  in  the  hiftory  of 
the  animal  matters,  which  abundantly  contain 
the  four  principles  necelfary  to  its  compo- 
fition.  I fhall  fpeak  of  it  under  the  name  of 
the  pruffic  acid,  in  the  examination  of  thole 
fubftances,  from  which  it  is  prepared,  by  va- 
rious chemical  proceffes  : it  is  fufficient  to 
obferve  here,  that  it  is  formed  by  the  re-action 
of  ammonia  and  carbon  expofed  to  a red 
beat. 

IS.  Phofphorus  does  not  diffoive  in  ammoni- 
acal gas,  except  by  heat,  and  when  the  tempera- 
ture 
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ture  is  very  high,  as  in  a tube  of  red-hot 
porcelain  : fome  phofphorated  hidrogen  is  then 
formed,  and  there  remains  azote  gas,  faturated 
with  phofphorus.  The  decompofition  of  am- 
monia takes  place  here,  by  a double  action  of 
the  phofphorus,  which  attracts  on  one  hand 
hidrogen,  and  on  the  other  azote,  by  being 
diffolved,  in  each  of  thefe  infulated  gafeous 
bodies, 

1 3.  Ammoniacal  gas  does  not  adt  upon  ful- 
phur  in  cold  ; by  heat  it  diffolves  it  when  the 
fulphur  is  in  vapour,  and  an  ammoniacal  tub 
phuret  is  formed,  which  fpeedily  condenfes  in 
water,  eafily  decompofes  it,  and  conftitutes  a 
fmoking  hidrogenated  fulphur,  which  will  be 
fpoken  of  hereafter  in  the  hiftory  of  liquid 
ammonia.  Ammoniacal  gas  alio  combines, 
though  with  difficulty,  with  fulphurated  hi- 
drogen gas,  and  forms  an  ammoniacal  hidro- 
fulphuret,  which  will  be  defcribed  hereafter, 
as  well  as  the  preceding,  becanfe  it  is  pre- 
pared more  eafily  with  liquid  ammonia. 

14.  No  adtion  is  known  between  ammonia- 
cal gas,  the  diamond,  and  the  metals  : the 
water  which  the  gas  often  holds  in  folution,  is 
eafily  decompofed  by  fome  metallic  fubftances, 
when  they  are  plunged  in  ammoniacal  gas.  Their 
furface  is  covered  witha  coating  of  oxide,  which 
abforbs  the  ammonia,  and  a fmall  quantity  of 
hidrogen  gas  is  found  in  the  apparatus. 

15.  Ammoniacal  gas  readily  and  eafily  com- 
bines with  water  in  all  its  fiâtes.  When  ice  is 
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brought  into  contaCl  with  this  gas,  it  immedi- 
ately abforbs  and  condenfes  it  ; it  melts,  and 
becomes  entirely  liquid  ; and  fome  cold  is  al- 
ways produced,  whatever  may  be  the  proportion 
of  the  two  bodies  that  are  mixed  together. 
This  confiant  cooling  originates  in  confequence 
of  the  water,  on  fixing  the  ammoniacal  gas, 
becoming  more  rare  and  light  than  it  naturally 
is  ; and  becaufe  on  acquiring  this  liquid,  its 
capacity  for  caloric  increafes,  or  requires  the 
abforption  of  a greater  quantity  to  preferve  this 
ftate  of  rarefaction.  Liquid  water,  on  the 
contrary,  in  proportion  as  it  condenfes  the 
ammoniacal  gas,  becomes  hot,  on  account  of 
the  lofs  of  caloric,  caufed  by  the  gas  on  lique- 
fying, and  which  exceeds  the  quantity  required 
by  the  water,  in  order  to  take  the  degree  of  rare- 
faction  which  it  acquires  in  this  combination. 
When  the  water,  which  abforbs  the  ammoniacal 
gas,  and  which  is  now  p relented  to  the  contaCt 
of  this  gas,  in  all  the  operations  in  which 
liquid  ammonia  is  wifhed  for,  has  attained  50 
degrees  of  temperature  of  the  centrigrade  ther- 
mometer, it  retains  no  more  of  it;  that  which 
is  produced,  paffes  in  great  bubbles  through 
the  liquor,  without  any  diminution  in  bulk  as 
before,  and  breaks  at  the  furface,  in  a white 
fmoke,  in  confequence  of  the  water  which 
they  diffolve,  at  their  elevated  temperature,  a 
part  of  which  they  dépolit  on  arriving  at  the 
air  of  the  veffel.  As  the  gas  undergoes  no 
further  condenfation,  the  liquor  gradually 

cools* 


AMMONIA. 


333 


cools.  The  condenfation  then  again  com- 
mences, but  the  lefs  abundant  caloric,  which 
is  difen  gaged  by  this  fécond  portion  of  fixed 
gas,  being  carried  off'  by  the  veflels  and  the 
external  air,  an  equilibrium  of  temperature  is 
fpeedily  eftablillied  between  this  liquor,  the 
veflels,  and  the  fur  rounding  air;  and  at  this 
point  the  faturation  of  the  water  is  complete. 
This  liquid  thus  takes  up,  and  liquefies  nearly 
half  its  weight  of  ammoniacal  gas  : the  wa- 
ter  increafes  more  than  half  its  bulk,  and 
lofes  rather  more  than  the  tenth  of  its  fpecific 
gravity.  In  this  ftate  it  weighs  897,  the  water 
weighing,  under  the  fame  bulk,  1000.  It  is 
this  water,  thus  faturated  with  ammoniacal  gas, 
that  is  molt  frequently  employed  in  experiments, 
on  account  of  the  fmall  bulk  which  it  occupies 
in  comparifon  with  ammoniacal  gas,  and  of 
the  facility  with  which  it  may  be  preferved. 
Its  properties  will  be  examined  hereafter,  be- 
canle  it  is  important  that  this  fpecies  of  alkali 
fhould  be  well  known,  in  that  ftate  in  which  it 
is  rnoft  common  and  convenient.  It  will  be 
feen  in  the  hiftory  of  the  muriate  of  ammonia, 
that  on  decompofing  it  by  lime,  in  order  to 
obtain  ammoniacal  alkali,  this  property  of  am- 
moniacal gas  is  employed  with  great  advantage, 
to  condenle  in  cold  water,  in  order  that  no- 
thing may  be  loft,  and  to  obtain  a produbt 
equally  pure  and  abundant. 

IG.  Ammoniacal  gas  does  not  much  com- 
bine with  the  metallic  oxides;  feme  of  them,, 
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however,  abforb  it  and  combine  with  it,  al mo il 
in  the  faline  ftale.  Others,  which  are  thole 
that  leaft  adhere  to  oxigen,  when  brought  in 
contact  with  this  gas,  partly  decompofe  it, 
giving  out  their  oxigen  to  its  hidrogen,  and 
are  difoxided.  Aim  oft  all  the  oxides  produce 
this  effect'  with  ammoniacal  gas,  when  they  are 
pafted  through  this  gas  at  the  red  temperature 
m tubes  of  porcelain  ; there  are  even  fome 
winch,  from  the  great  quantity  of  oxigen 
they  afford  in  this  cafe,  entirely  difcom- 
pofe  the  ammoniacal  gas,  and  convert  it 
into  water  and  nitrous  acid.  We  fhall  return 
to  this  fubjecl,  when  fp caking  of  liquid  ammo- 
nia, becaufe  under  this  form  it  is  moft  fre- 
quently and  moft  eafily  treated  by  the  metallic 
oxides. 

1 7.  Ammoniacal  gas  is  fixed,  liquefied,  and 
fometimes  even  rendered  folid  by  all  the  acids, 
with  which  it  eafily  combines,  though  its  at- 
traction for  them  is  weaker  than  that  of  ftroim 
tian,  foda,  pot-alh,  barites,  lime,  nearly  equal 
to  that  of  magnefia,  and  only  ftronger  than 
fhofe  of  alumine,  glucine,  and  zircone.  By 
uniting  with  them  this  gas  immediately  lofes 
its  elaftic  form,  gives  out  a large  portion  of 
caloric,  and  conftitutes  the  faits  called  ammo- 
niacal, of  which  the  properties  will  be  defcribed 
in  the  following  fection.  But  as  the  union  of 
the  alkali,  under  the  gafeous  form,  prefents 
with  the  acids,  certain  phenomena,  which  are 
very  interefting  to  be  known,  we  fhall  de- 
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fcribe  them  in  this  place,  in  order  to  render 
the  hiftory  of  ammonia  more  complete.  The 
properties  of  the  faits,  which  will  conftitute  the 
fubjebt  of  the  following  febtion,  ought  not  be- 
fides,  to  be  explained  but  in  their  complete  com- 
bination, whereas  we  mull  here  treat  of  the 
effebls  which  take  place  at  the  very  moment  of 
combination. 

1 8.  When  ammoniacal  gas  is  palled  into  car- 
bonic acid  gas,  the  moment  the  ilrst  touches 
the  latter,  and  tends  to  rife  through  it  on  ac- 
count of  its  fpecific  lightnefs,  a light  vapour, 
fcarcely  perceptible,  is  formed,  the  two  gales 
become  condenfed,  caloric  which  leaves  them 
is  difengaged,  and  a cryltallization  of  a fait, 
or  carbonate  of  ammonia,  in  lilky  fibres,  or  fine 
powder,  takes  place  again  ft  the  internal  furface 
of  the  velfel.  This  operation,  like  all  thofe  in 
which  an  acid  gas  is  combined  with  ammonia- 
cal gas,  mult  be  made  over  mercury,  and  not 
water,  which  would  condenfe  both  before  they 
could  unite,  and  would  prevent  the  phenomena 
of  their  mutual  union  from  being  feen. 

19.  Ammoniacal  gas  is  rapidly  condenfed 
and  abforhed  by  the  liquid  phofphoric  acid,  by 
the  phofphoreous  acid,  and  by  the  fulphuric 
acid,  and  in  the  fame  ftate,  much  caloric  is  dif- 
engaged; phofphate,  or  fulphate  of  ammonia 
are  formed,  which  faits  will  be  deferibed  more 
particularly  in  the  following  feblion. 

20.  When  ammoniacal  gas  is  introduced  in- 
to phofphoreous  acid  gas,  a great  penetration 
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immediately  takes  place  between  the  two  fluids? 
with  an  abundant  difengagement  of  caloric* 
A white  fume  fills  the  veifel  at  the  inftant  of  the 
mixture.  Concrete  phofphite  of  ammonia  is  dé- 
poli ted  on  the  tides  of  the  veffels,  in  flocks  of  a 
reddish  yellow?  frequently  varied,  and  as  it  were 
fpottcd  in  their  colour,  but  which  become 
white,  and  capable  of  affording  transparent  crys- 
tals when  difiblved  in  water. 

21.  Ammoniacal  gas  is  condenfed  very  fpeed- 
ily  in  nitric  acid.  On  the  flighted  contact  of 
this  gas  with  the  vapour  which  rifes  from  con- 
centrated nitric,  acid,  white  fumes  of  nitrate  of 
ammonia  appear  already  condenfed  ; this  expe- 
riment is  fo  marked,  that  the  nitric  acid,  flight- 
ly  fuming,  or  not  at  all  fo,  is  often  ufed  by 
moiftening  a giafs  rod  with  it,  in  order  to  judge 
whether  any  fluid  in  which  the  prefence  of  am- 
monia is  fufpected,  in  too  final  1 quantities  to 
be  perceptible  or  evident,  do  really  contain  this 
volatile  alkali  : and  tins  is  confidered  as  decided 
when  the  fluid  becomes  covered  with  a white 
vapour  on  the  approach  of  nitric  acid.  It  is 
almoft  needlefs  to  remark,  that  much  caloric  is 
difengaged  at  the  time  of  combination  between 
ammonia  and  nitric  acid.  At  an  elevated  tem- 
perature, much  below  that  required  to  ignite 
a porcelain  tube,  ammoniacal  and  nitric  acid 
gas,  mutually  decompofeeach  other,  and  take  fire. 
Water  is  formed,  and  the  radical  azote,  which 
was  acidifiable  in  the  one  body,  and  alkalifiant 
in  the  other,  is  difengaged.  We  fliall  return 
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to  this  phenomenon  when  we  treat  of  nitrate 
of  ammonia. 

22.  The  acid  denominated  nitrous  in  our 
laboratories,  that  is  to  fay,  the  nitric  acid  com 
taining  different  proportions  of  oxided  azote, 
or  nitrous  gas,  alio  abforbs  the  ammoniac  gas  ; 
but  the  caloric  which  is  Separated  volatilizes 
the  nitrous  gas,  fo  that  the  combination  affords 
only  nitrate,  and  not  the  nitrite  of  ammonia, 
as  might  be  expected.  It  is  the  fame  with  the 
true  nitrous  acid,  the  ruddy  nitrous  vapour,  or 
nitric  acid,  faturated  with  nitrous  gas,  and  hold- 
ing, as  has  been  elfewhere  obferved,  a tenth  part 
lefs  than  its  own  weight.  When  ammoniac  gas 
is  mixed  with  this  vapour,  a denle  white  vapour 
is  reproduced  with  the  di l'engagement  of  much 
caloric,  and  a complete  condenfation  takes 
place;  the  red  colour  difappears ; nitrate  of 
ammonia  is  formed,  which  depofited  in  cryf- 
talline  powder  and  nitrous  gas,  remains  in  the 
apparatus,  which  may  be  again  rendered  ruddy 
and  changed  into  new  nitrous  vapour  by  the 
addition  of  oxigcn  gas.  Ammoniac  gas,  there- 
fore, deeompofes  the  nitrous  vapour  by  absorb- 
ing the  nitric  acid,  or  nearly  and  difengaging 
the  nitrous  gas  which  is  very  nearly  parts  of 
the  whole. 

23.  Ammoniac  gas  is  difficultly  abforbed  by 
the  metallic  acids  ; water  is  necelfary  to  favour 
their  union  ; we  fliall,  therefore,  fpeak  again  of 
thefe  combinations  when  we  treat  of  liquid  am- 
monia which  eafiiy  forms  them. 
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24.  The  union  of  ammoniac  gas  with  the 
muriatic  acid  gas  is  one  of  the  moft  energetic 
and  moft  remarkable  phenomena  which  thele 
bodies  p relents.  When  the  former  k introduc- 
ed into  an  inverted  veffel  filled  with  water,  it 
penetrates  it  with  a degree  of  fpeed  and  activity 
difficult  to  be  deferibed  ; a Hidden  eondenfation 
takes  place  with  confiderable  heat  ; and  a white 
vapour,  or  fume,  fo  thick  and  fo  abundant  that 
the  vefiel  becomes  perfectly  opaque.  The  mu- 
riate of  ammonia  is  formed,  and  depofited  on  the 
tides  in  final!  filky  needle-fonned  cryftals,  or  in 
light  pulverulent  flakes,  according  to  the  quan- 
tity of  water  refpedtively  contained  in  the  two 
gafes.  This  experiment  is  one  of  the  moft  link- 
ing examples  of  two  gafeous  bodies  inftantly 
converted  into  a folid  body,  and  the  rapid  pre- 
cipitation of  two  folkiifiable  bafes,  each  aban- 
doning, on  its  part,  the  caloric  which  held  them 
m folution,  becaufe  they  have  more  attraction 
for  each  other  than  either  had  for  the  gafefiant 
folvenk  On  account  of  this,  rapid  and  power- 
ful effeCt  of  mutual  eondenfation  between  am- 
moniacal gas  and  muriatic  acid  gas,  this  laft 
fliffolved  in  water,  or  the  liquid  muriatic  acid,  m 
ufed  to  ascertain  the  fmalleft  portion  of  ammo- 
nia which  is  then  rendered  fenlible  by  white  va- 
pour formed  in  its  vicinity.  It  is  often  pre- 
ferred for  this- experiment  to  tire  nitric  acid. 

25.  There  is  no  combination  between  am- 
moniac gas  and  oxigenated  muriatic  acid  gas, 
but  an  mftantaneous  decompolition  of  both.  I 
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have  difcovered  that,  when  the  fir  ft  of  thefe 
gafes  is  patted  into  the  fécond,  inflammation 
follows,  with  the  difengagement  of  a white 
light  during  the  union  of  the  oxigen  with  the 
hidrogen  of  the  ammonia;  the  water  which  is 
formed  at  the  fame  time,  prefënts  a very  denfe 
white  vapour.  It  ditfolves  the  muriatic  acid 
and  azote  gas  remains.  There  is  only  part  of 
the  ammoniac  gas  decompofed  becaule  part  of 
the  oxigenated  muriatic  acid,  which  is  hrft  de- 
prived of  its  oxigen,  combines  with  a portion  of 
the  gas,  and  changes  it  into  muriate  upon  which 
the  oxigenated  muriatic  acid  that  remains  has 
no  longer  any  adfion.  In  this  experiment  we 
have  one  of  the  proofs  of  the  nature  of  ammo- 
nia, and  its  compofition  from  azote  and  hidro- 
gen. Though  this  experiment  cannot  ferve  to 
determine  the  proportions  of  its  principles  be- 
caufe  part  of  the  ammoniacal  gas  efcapes  de- 
compofition,  the  finall  quantity  of  water  ob- 
tained, and  the  volume  of  azote  gas  which  re- 
mains compared  with  the  primitive  dofe  of  the 
two  gafes  made  ufe  of,  ihows  that  azote  is  much 
more  abundant  in  ammonia  than  hidrosren. 

26.  Ammoniacal  gas  unites  rapidly  with  the 
fluoric  acid  gas  ; in  its  condenfation  a white 
denfe  vapour,  difengagement  of  caloric,  pre- 
cipitation of  filex,  and  formation  of  folid  and 
cryftalline  ammoniacal  fluate  takes  place.  The 
acid  of  borax  does  not  abforb  ammoniacal 
gas. 
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/.  There  is  neither  action  nrjr  union  betwe 
ammoniacal  gas  and  the  earthy  lubftances.  It 
is  already  known  that  lime  lias  the  property  of 
difeiigaging  ammonia  in  gas  from  its  combina- 
tion, as  do  likewife  barites,  pot-afh,  foda,  and 
ftrontian.  Frequently  alfa  the  very  pure  alka- 
line matters  in  a eauftrc  and  concentrated  hate, 
by  adling  upon  complicated  compounds,  which 
contain  among  their  principles  much  azote  and 
hidrogen,  inch  as  the  animal  fubftanees,  detach 
tliefe  two  bodies  from  the  composition  in  the., 
proportion  and  hate  fui  table  to  the  formation  of 
ammonia,  which  is  then  difen  gaged  in  gas. 
Thus  it  is  when  lime,  barites,  pot-afh,  foda,  and 
ftrontian,  are  introduced  into  liquids,  or  folids* 
which  do  not  contain  ammonia  ready  formed, 
that  a quantity  of  this  volatile  alkali  is  formed 
at  the  very  moment  of  their  contact,  and  par- 
ticularly by  trituration  with  thefe  lubllances. 
.We  Shall,  again,  confider  this  fact,  in  the  feel  ion 
upon  animal  matters. 

28.  It  is  not  enough  that  we  fhould  examine 
the  characters  and  properties  of  ammoniacal 
gas,  beçaufe  this  Species  of  -alkali  is  not  ufually 
preferved  and  applied  in  experiments  under  this 
form;  we  liiuft  alfo  ftudy  it  under  the  liquid 
form  which  it  molt  frequently  poil  elfes,  and 
which  is  given  to  it  in  order  to  ufe  it  with  more 
facility  or  advantage  in  the  arts,  or  medicine, 
or  even  chemiftry.  I have  Shown  how  the 
liquid  ammonal  is  procured  ; I have  deferibed 
the  phenomena  prefen  ted  by  ammoniac  gas  dur- 
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ing  its  fixation  in  water.  We  will  now  proceed 
to  defer  ibe  .the  habitudes  of  liquid  ammonia,  its 
combinations,  or  decompositions,  and  the  dif- 
ferences it  p refen ts  when  compared  with  ammo- 
niacal gas. 

If 9-  We  mu  ft  obferve,  in  the  fir  ft  place,  that, 
as  the  volatile  alkali  is  much  more  frequently 
obtained  in  the  liquid  than  in  tine  gafeous  form, 

and  as  it  is  more  convenient  for  every  kind  of 

«/ 

ufe,  this  fluid  ought  particularly  to  be  denomi- 
nated ammonia,  and  the  expreftion  ammoniacal 
gas  refer ved  to  denote  the  State  of  elaftic  fluidi- 
ty. This  ammonia,  in  the  liquid  ftate,  has  been 
named  fluor  volatile  alkali,  cauftic  volatile  al- 
kali, alkaline  fpirit,  volatile  fpirit  of  fa-1  ammo- 
niac ; it  is  prepared  and  preferved  for  medical 
and  manufacturing  purpoles,  by  decomposing 
the  muriate  of  ammonia  by  lime,  and  receiving 
it  in  cold  water,  by  means  of  conducting-tubes, 
the  ammoniacal  gas  which  is  difengaged,  and 
of  which  the  greater  part  formerly  was  loft 
through  the  apertures  neceftary  to  be  made  in 
the  veffels  to  avoid  burftinm  before  the  difeo- 

o * • 

very  of  Woulfe.  This  liquid  is,  therefore,  a 
combination  of  ammonia  and  water, 

30.  Ammonia  is  lighter  than  water,  equally 
tranfparcnt,  of  a lively  penetrating  finel-l,  not  re- 
fpirable,  unlefs  rapidly;  and,  by  intervals,  of  an 
acrid  jmd  almoft  cauftic  taftc,  though  it  does  not 
burn;  it  diftblves  animal  matters  like  the  con- 
centrated lets  of  pot-afti  and  foda,  ftrongly  con- 
verts violets  and  many  other  vegetable  colours  to 

green, 
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green,  changes  the  yellow  tindture  of  curcuma 
to  a brown,  is,  in  no  refpedt,  alterable  by  light 
which  it  refradts  merely  in  a ratio  fuperior  to 
that  of  its  denfity,  becaufe  it  is  compofed  of  two 
combuftible  bodies.  When  heated  with  caloric, 
it  is  fpeedily  fufed  and  feparated  in  the  form 
of  bubbles,  the  ammonia  which  is  difengaged 
in  gas  with  effervefcence,  may  be  collected, 
over  mercury.  It  boils  much  more  fpeedily 
than  water,  and,  at  forty-five  degrees,  is  in  full 
ebullition  on  account  of  this  d Rengagement  of 

O O 

gas  ; it  is  difficult  to  feparate  the  laft  portions 
which  adhere  with  confiderable  ftrength  to  the 
water.  Ammonia  cannot  be  obtained  in  a 
form  nearly  folid,  or  at  the  confidence  of  an 
opaque  jelly,  but  at  the  temperature  of  thirty- 
two  degrees  under  0.  At  the  cold  which  con- 
geals mercury,  it  is  fixed  and  becomes  opaque. 

The  diminution  of  prelfure,  fuch,  for  exam- 
ple, as  takes  place  on  the  fummit  of  mountains, 
where  the  weight  of  the  atmofphere  diminifhes 
with  its  height,  produces  the  fame  effedt  upon 
ammonia  as  caloric,  and  difengages  it  from  the 
w ater.  On  the  contrary,  cooling,  as  well  as  the 
increafe  of  prelfure,  affifts  the  liquid  combina- 
tion of  ammonia  with  water,  fixes  it  more  ef- 
fectually, and  even  increafes  the  aqueous  folu- 
tion  of  ammonia.  Advantage  is  taken  of  thefe 
two  united  circumftances,  namely,  the  preffure 
of  an  elevated  column  of  water,  and  cooling  by 
means  of  ice  mixed  with  fea-falt,  with  which  the 
bottles  ferve  as  receivers,  are  placed  in  order  to 
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compote  a very  ftrong  and  very  concentrated  am- 
monia; the  ammonia  prepared  by  thefe  pro c dies, 
therefore,  becomes  much  more  odorant,  and 
almoft  fporitaneoufly  eSfervefcent,  when  carried 
from  a cool  place  into  a hotter,  from  a low  litua- 
tion  to  another  more  elevated  in  the  atmofphere, 
as  is  obfervable  in  the  transition  from  van- 
ter to  fummer  ; this  laft  circumftance  is  fre- 
quently fufficient  to  break  the  containing 
veffels. 

31.  Ammonia  is  not  affected  by  the  contact 
of  oxigen  gas,  or  azote  gas.  When  expofed  to 
the  air  in  an  open  veffel,  part  of  the  ammonia  is 
■difen gaged  in  gas,  expands,  and  is  diifolved  in 
the  atmofphere;  the  upper  ftrata  of  water  which 
are  then  deprived  of  tlieir  alkali,  fall  in  visible 
ftreams  through  the  moft  Saturated  and  ligliteft 
portion  of  the  water  which  then  polfelles  the 
lower  place,  and  gradually  mix  with  it  to  re- 
eftablifli  the  equilibrium  of  folution  when  the 
furrounding  air  is  faturated  with  ammoniacal 
gas.  At  the  fame  time,  the  carbonic  acid  of  the 
atmofphere  is  precipitated  into  the  liquor,  unites 
with  the  ammonia,  and  communicates  to  it  the 
properties  of  carbonate  of  ammonia  particularly 
the  power  of  double  attraction  which  this  fait 
poffeSTes,  and  caufes  it  to  produce,  as  we  Shall 
fee  in  the  following  lection,  effeéts  of  decompo- 
fition,  which  the  chemifts  have  formerly  attri- 
buted  to  the  volatile  alkali,  at  that  time  miftaken 
with  regard  to  its  ftate  of  purity. 

32,  Ammonia 
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32.  Ammonia  exercifes  no  action  upon  hidro- 
gen  gas,  carbon,  and  phofphorus  ; there  is  nei- 
ther abforption  nor  folution,  nor  any  change 
whatever  in  thefe  bodies  placed  in  contact  with 
each  other.  If  they  be  heated  together,  the 
ammonia  being  reduced  into  gas,  acts,  as  has 
been  before  fliown,  when  we  confidered  it  under 
this  hate. 

S3.  Neither  is  there  any  fenfible  action  be- 
tween  ammonia  and  fidphur.  By  diftilling  a 
mixture  of  muriate  of  ammonia,  lime,  and  ful- 
phur,  a compound  is  prepared  which  is  formed 
by  the  fulphur  and  the  ammonia  in  vapour, 
which  re-acts  upon  the  water  difengaged  at  the 
fame  time  from  the  mixture,  and  partly  dilfolv- 
ed  in  it.  It  is  an  hidrogenated  fulphuret  of  am- 
monia, of  a deep  yellow  colour,  which  emits  a fe- 
tid vapour,  vifible  in  the  air  on  account  of  the 
ammonia  w hich  it  contains  in  excefs,  and  which 
has  long  been  denominated  the  fuming  liquor 
*)f  Boyle,  becaufe  it  was  difcovered  by  that  phi- 
lofopher.  This  fulphuret  is  totally  decompofa- 
ble  by  fire,  by  acids,  and  by  fulphurated  hh 
drogenous  gas. 

34.  Ammonia  abforbs  hidrogen  gas  fo  prompt- 
ly, that  It  is  only  necelfary  to  pals  this  gas  into 
it  by  means  of  a tube,  or  to  agitate  it  in  a veiTel 
with  liquid  ammonia,  in  order  to  faturate  it  ; 
this  faturation  is  attended  with  a difengage- 
ment  of  caloric,  a yellow7'  colour,  and  the  forma- 
tion of  vapour.  The  hidro-fulphuret  of  am- 
monia which  is  thus  prepared  is  cryftallizable  ; 

it 
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It  has  not  the  fetid  fmell  of  the  hidrogenated 
fidphuret.  It  is  decompofable  by  caloric,  by 
tlie  contact  of  oxio'en  o*as,  acids,  and  metallic 

O Co  ' 7 

oxides.  It  has,  for  feme  time,  been  confidered 
as  a very  valuable  medicine,  in  cafes  where  it  is 
thought  that  the  humours  are  too  oxigenated, 
or  the  folids  too  active  by  the  fuper-abundance 
of  oxigen.  It  fpeedily  produces  a great  weak- 
nefs  in  the  organs  of  animals. 

35.  No  aétioii  is  obferved  between  ammonia 
and  the  diamond.  This  volatile  alkali,  in  the 
liquid  form,  attacks  the  metals  more  itrongly 
than  ammoniacal  gas,  on  account  of  the  water 
it  contains,  and  its  decomposition  by  the  me- 
tallic fubfiances  which  it  facilitates.  Ammo- 
nia confequently  acts  fo  fenfibly  upon  the  me- 
tals which  are  moft  greedy  of  oxigen,  that  it 
produces  an  efFervefcence,  and  caufes  a difen- 
fiCaarement  of  hidro^en  gas  : it  afterwards  unites 
to  part  of  the  metallic  oxides  thus  formed. 

36.  Water  unites  in  all  proportions  with  liquid  * 
ammonia,  with  a difengagement  of  a portion  of 
caloric,  by  which  means  it  lofes  part  of  its  force, 
its  alkaline  harfhnefs,  and  its  fpecific  light-' 
nefs. 

37.  A much  more  evident  action  is  obferved 
between  the  metallic  oxides  and  ammonia,  than 
between  thefe  bodies  and  ammoniacal  gas. 
The  water  favours,  and  alfo  permits  us  to  efti- 
matp,  and  underhand  with  more  facility,  the 
phenomena  which  pafs  between  thefe  fubftances. 

In  general,  the  metallic  oxides  are  affeéled  in 
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four  different  manners  with  liquid  ammonia  ; 
fome  metals  diffolve  in  it  without  other  altera- 
tion on  the  part  of  either  principle,  and  form 
with  it  faline  compounds,  in  which  they  act  the 
part  of  acids  ; fuch  are  the  oxides  of  zinc,  tin, 
filver,  &c.  The  other  oxides  are  partly  decom- 
pofed,  or  fuffer  part  of  their  oxigen  to  be  feized 
by  the  hidrogen  of  the  ammonia  with  which  it 
forms  water,  lb  that  the  azote,  which  is  the 
other  principle  of  ammonia,  is  difengaged  in 
gas  with  eifervefcence,  while  the  oxide  ap- 
proaches the  metallic  ftate.  Citizen  Berthollct, 
wTho  has  well  defcribed  this  action,  availed  hirn- 
felf  of  it  to  afcertain  the  proportion  of  the 
principles  of  ammonia.  The  green  oxide  of 
copper  is  particularly  in  this  fituation  ; it  paffes, 
by  means  of  heat,  to  the  ftate  of  brown  oxide, 
by  decompofing  the  liquid  ammonia,  of  which 
the  azote  is  difengaged  in  the  form  of  an  elaftic 
fluid  with  effervefcence.  There  are  fome  ox- 
ides which  are  entirely  decompofable  by  ammo- 
nia, fuch  as  thofe  of  gold  and  filver  ; during 
this  total  decompofition,  which  is  effected  either 
by  heat,  or  by  mere  contadt  and  fribtion,  a vio- 
lent detonation  is  produced,  arifing  from  the 
fudden  expanfion  of  the  hidrogen,  and  the  ox- 
jp-en  at  their  union,  and  the  azote  at  its  difen- 
gagement  : we  fhall  fpeak  of  it  in  the  hiftory  of 
filver  and  gold.  Laftly,  certain  oxides,  by  be-, 
ing  decompofed  in  part  by  ammonia,  which 
they,  at  the  feme  time,  completely  decompofe, 
form  water  with  its  hidrogen,  and  nitric  acid 
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with  its  azote,  as  is  obferved  with  the  oxides  of 
manganefe,  of  mercury,  and  of  lead  ; and  fo  like- 
wife  with  bodies  very  greedy  of  oxigen,  which, 
at  the  fame  time,  decompofe  water  and  the  ni- 
tric acid,  the  azote  and  hidrogen,  of  thofe  two 
compounds  are  converted  into  ammonia; 
whereas,  on  the  other  hand,  when  ammonia  is 
treated  with  bodies  which  contain,  and  yield 
much  oxigen,  its  principles  may  be  feparated, 
and  united  fingly  and  folitarily  with  oxigen, 
which  caufes  them  to  appear  under  the  form  of 
nitric  acid  and  water.  Thefe  mutual  tranfmuta- 
tions,  the  happy  refaits  of  modern  difcovery,  by 
developing  the  hafes  of  the  pneumatic  doctrine, 
and  explaining  phenomena  formerly  unknown, 
or  unintelligible,  give  great  force  to  this  doc- 
trine, and  de  mon  ft  rate  its  proofs. 

38.  All  the  acids  unite  with  ammonia  by 
heat,  whence  they  difengage  caloric,  and  form 
faits,  which  will  be  examined  in  the  following 
feétion.  The  phenomena  of  its  union  with 
acids  are  not  fo  remarkable  as  thofe  which  ac- 
company its  combination  in  the  ftate  of  gas, 
becaufe  its  liquid  form  does  not  admit  of  all  the 
changes  which  take  place,  when  it  paffes  from 
the  gafeous  ftate  to  the  folid  and  cryftalline 
confidence. 

39.  Ammonia  is  decompofed  by  the  oxigen- 
ated  muriatic  acid,  but  with  phenomena  dif- 
ferent from  thofe  that  take  place  between  thofe 
two  gafeous  bodies  ; there  is  no  inflammation 
'between  them  as  between  the  gafes.  When  li- 
quid 
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quid  ammonia  and  liquid  oxigenated  muriatic 
acid  are  brought  near  each  other,  a white  va- 
pour is  formed  by  the  appulfe  of  their  tûmes. 
When  four-fifths  of  its  volume  of  oxigenated 
muriatic  acid  are  poured  into  a tube,  clofed  at 
one  of  its  extremities,  and  one-fifth  of  liquid 
ammonia  poured  thereon,  and  the  tube  is  re- 
verfed,  by  doling  its  open  extremity  with  the 
finger,  fo  that  the  clofed  part  ill  all  be  placed 
iippermoft,  and  the  open  part  plunged  in  water, 
the  ammonia,  being  lighter  than  the  acid,  pafies 
through  it;  a lively  effervefcence  is  excited, 
and  azote  gas  is  collected  from  above  the  fluid; 
this  lafi;  contains  a frnall  quantity  of  muriate  of 
ammonia.  Thus  we  fee,  that  under  the  liquid 
form,  as  well  as  in  that  of  gas,  thefe  two  bodies 
mutually  decompofe  each  other  ; the  oxigen  of 
the  oxigenated  muriatic  acid  feizes  the  hidro- 
gen  of  the  ammonia  with  which  it  forms  water, 
while  the  other  principle  of  this  alkali,  being 
fet  at  liberty,  allumes  the  ftate  of  gas.  The  mu- 
riatic acid,  being  fet  free,  unites  accordingly 
with  a portion  of  ammonia.  We  may  avail  our- 
felves  of  this  decomposition,  to  obtain  azote 
gas,  by  palling  the  oxigenated  muriatic  acid 
gas  through  liquid  ammonia,  in  an  apparatus 
proper  to  col  left  the  gas.  We  fee  that  there  is 
no  permanent  combination  between  ammonia, 
and  the  oxigenated  muriatic  acid  ; there  exifis 
no  oxigenated  muriate  of  ammonia.  Citizen 
Vau-Mons  has,  neverthelefs  announced,  that 
this  combination  may  take  place  without  de- 
comp o fit  ion, 
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compofition,  at  temperatures  below  that  of  melt- 
ing ice.  Citizen  Vauquelin  and  myfelf  made 
fuch  a mixture,  by  taking  ammonia  cold  and 
congealed  by  thirty-two  degrees  below  0,  and 
the  oxigenated  muriatic  acid  alfo  cold  and  con- 
gealed ; notwithstanding  this  low  temperature, 
a confiderable  movement  was  excited  by  a dif- 
engagement  of  very  denfe  white  vapour,  and 
decomposition  of  the  two  bodies. 

This  beautiful  property  of  the  reciprocal  de- 
composition of  ammonia,  and  the  oxigenated 
muriatic  acid,  the  difcovery  of  which  we  owe 
to  Citizen  Berthollet,  who  has  been  conducted 
by  it  to  the  accurate  knowledge  of  the  nature  of 
the  volatile  alkali,  affords  a means  of  prevent- 
ing the  bad  and  dangerous  effects  of  the  oxige- 
nated muriatic  acid  gas  upon  our  organs.  For 
this  purpofe,  it  will  be  fufficient  if  we  put  cot- 
ton, externally  impregnated  with  ammoniac, 
between  our  lips,  and  in  our  noffrils  : this  forms 
a fort  of  barrier  between  the  active  gas  and  the 
throat  and  nofe  ; fo  that  being  decompofed  be- 
fore it  reaches  them,  it  produces  none  of  the 
effects  that  render  it  dangerous,  or,  at  leaft,  very 
troublefome. 

40.  Liquid  ammonia  exerts  no  folvent  aétion 
upon  fiiex,  zircone,  and  glucine,  in  however 
large  quantities:  we  may  employ  it,  and  however 
high  we  may  raife  the  temperature.  It  diffolves 
alumine  in  fmall  proportion,  when  this  earth  is 
in. a fcate  of  extreme  divifion  ; it  enters  with  it 
into  ternary  combinations  with  the  acids.  It 
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exerts  no  adfcion  at  all  upon  pure  magnella  and 
lime  ; thefe  earths,  being  more  powerful  than  it- 
felf  expel  it  from  its  combinations,  efpecially 
with  the  aid  of  heat  : it,  however,  in  part  dif- 
engages  magnelia  from  its  combinations;  it,  ne- 
verthelefs,  alfociates  itfelf  with  it  in  ternary  fa- 
line  compounds,  or  in  trifules,  of  which  we 
ihall  fpeak  in  the  following  fection  ; it  there- 
fore, almoft  equals  magnefia,  with  refpedt  to  its 
attractions  with  the  acids.  It  does  not  unite 
either  with  barites,  or  pot-alh,  or  foda,  or  ftron- 
tian,  which  are  much  ftronger,  and  much  more 
powerfully  attracted  than  it  is,  in  their  falified 
combinations.  Water,  faturated  with  ammoni- 
acal gas,  does  not  abforb  any  more  of  it,  unleft 
when  refrigerated  to  a great  degree.  This  pro- 
duces no  alteration  in  the  properties  of  the  am- 
monia,  but  only  gives  greater  energy  to  its  al- 
kaline effects 

41.  We  fee  from  the  preceding  details,  the 
extent  of  which  is  authoriled  by  the  import- 
ance of  the  fubltance  to  which  they  relate,  that 
ammonia  is  a fpecies  of  alkali  which  has  the 
greatcft  relat  ion  with  molt  of  the  phenomena  of 
the  fcience;  that  it  is  the  only  alkali,  the  com- 
poiition  of  which  is  exactly  known  ; that  it  is 
lulceptible  of  decompofition  by  a great  num- 
ber of  fubltances,  and  efpecially  thofe  that  are 
molt  oxigenated  ; that  it  is  compofed  of  about 
four  parts  of  azote  and  one  of  hidrogen,  or  to 
give  the  proportion  more  accurately,  that  the 
azote  is  to  the  hidrogen  as  121  to  29  ; that 
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whenever  thefe  bodies  meet  at  the  moment  of 
their  infulation  in  fnitable  proportions,  ammo- 
nia is  formed,  as  takes  place  in  the  treatment 
of  animal  fubftances  by  beat,  by  putrefaction, 
by  the  cauftic  fixed  alkalis,  in  the  decompofi- 
tion  of  the  nitric  acid,  accompanying  that  of 
water  ; that,  on  the  contrary,  whenever  ammo- 
nia is  in  contact  with  bodies  furcharged  with 
Qxigen,  and  which  readily  abandon  it,  this 
principle,  by  feizing  its  hidrogen,  and  convert- 
ing it  into  water,  feparates  from  it  the  azote, 
almoft  always  in  the  form  of  gas;  and  that  in 
general,  though  it  frequently  combines  in  its  en- 
tire ftate,  it  incelfantly  tends  to  decompofition 
in  which  circumftance  it  differs  greatly  from  the 
four  preceding  alkalis. 

42.  The  knowledge  of  the  nature  and  pro- 
perties of  ammonia  has  diffufed  a great  light 
over  the  general  theory  of  chemiftry,  and  con- 
tributed much  to  the  progrefs  of  the  fcience. 
The  real  effeCls  of  this  fpecies  of  alkali  have 
been  alcertained  in  a great  number  of  opera- 
tions ; its  particular  attractions,  verified  with 
great  exaChiefs,  have  illuftrated  a multitude  of 
fads  relative  to  the  decompofition  of  faits. 
The  hiftory  of  the  double  attractions,  and  of  the 
difpofmg  attrapions,  has  been  thus  greatly  ad- 
vanced. The  property  of  yielding  ammonia,  in 
a great  number  of  analytical  proceffcs,  has  been 
determined  and  appreciated  in  the  animal  fub- 
fiances,  which,  confidered  with  relation  to  this 
property,  had  fo  long,  and  fo  fmiiiefsly  occu- 
pied 
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pied  the  attention  of  chcmifts.  The  formation 
of  this  alkali,  and  its  decomposition  in  a nu- 
merous train  of  chemical  operations,  has  be- 
come a phenomenon  eafily  to  be  accounted  for, 
whilft  formerly  they  prefen  ted  a problem  of  great 
difficulty.  The  inflammations  and  detonations, 
occafioned  by  ammonia  under  various  circum- 
ftances,  which  had  been  negleèfed  prior  to  the 
new  difeoveries,  have  now  nothing  that  can 
embarrafs  ehemifts,  who  are  no  longer  obliged, 
in  order  to  explain  them,  to  have  recourfe  to 
the  hypothetical  and  vague  theories  which  have 
fo  long  prevailed  in  the  fchools.  The  mutual 
relations  of  formation,  and  decomposition, 
between  the  nitric  acid,  water,  and  ammonia, 
relations  which  deferve  to  be  considered  as  one 
of  the  fineft  acquittions  of  the  pneumatic  doc- 
trine, were  feized,  and  clearly  conceived  the 
very  moment  they  were  di (covered.  The  ana- 
lorries  of  feveral  vegetable  fubftances  with  ani- 
mal  fubftances  in  the  production  of  ammo- 
nia, no  longer  prefented  thofe  difficulties  and 
uncertainties  which,  during  fo  great  a length  of 
time,  embarraffed  the  fcience.  Laftly,  the 
compofition  of  animal  fubftances,  the  varied 
circumftances  of  their  decomposition,  or  of  the 
putrefaction  which  changes  their  nature,  and 
which  Sometimes  favours  the  production  of  the 
nitric  acid  in  them,  and  fometimes  develops  in 
them  the  formation  of  ammonia,  have  been  af- 
certained  with  a clearnefs  and  precision  which 

would 
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would  have  been  fought  in  vain  in  the  ancient 
theoretical  hypothecs, 

43.  Thefe  lights  have  been  at  once  diffufed 
over  the  mo  ft  important  ufes  of  ammonia;  over 
its  medicinal  properties,  and  its  ufe  in  difeafes. 
It  has  been  feen  that  it  is  not  a fpecific  in  af- 
phyxia,  as  had  been  pretended,  and  that  it  does 
not  reflore  animation  by  its  property  of  abforb- 
ing  acids,  but  by  its  ftimulant  quality,  as  it  ex™ 
cites  the  vital  aétions  in  incipient  afphyxias  pro- 
duced by  other  elaftic  fluids,  as  well  as  the  acid 
gafes.  \ It  has  been  found  that  it  ought  not  to 
be  ufed  without  caution,  and  efpecially  inwardly, 
on  account  of  its  acrimony,  as  had  been  too 
often  done  in  weaknelfes  ; and  that,  in  order  to 
avoid  the  mifchief  which  might  arife  from  this 
inconflderate  ufe  of  it,  people  ought  to  be  ad- 
vifed'  not  to  wear  bottles  filled  with  liquid  am- 
monia, but  a kind  of  fcent-box  containing:  a 
fponge  impregnated  with  ammoniacal  gas. 

Externally,  we  have  learned  to  employ  it  as  a 
folvent,  difcutient,  a very  powerful  atténuant, 
and  even  to  produce  inflammation;  it  gives  cafe 
to  parts  that  have  been  burned,  nipped  by  the 
froft,  flung  by  infedis,  Sçc.  Internally,  its  ufe 
has  been  appropriated  to  a great  number  of  cafes, 
and  efpecially  to  the  fpafmodic  a ffe étions,  but 
with  lefs  confidence,  however,  efpecially  with 
refpeét  to  its  fpecific  powers  in  fyphilis  and 
cancer,  than  had  at  firft  been  announced.  An 
heroic  remedy  has  been  found  in  the  ammoniacal 
hidro-futphuret,  as  powerfully  afthenic. 

Vol.  II.  A a 44.  Amongft 
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44.  Am  on  g ft  all  the  re-agents  ufed  in  che- 
mical  laboratories,  there  is  none  which  is  of 
greater  power,  or  which  is  more  frequently  em- 
ployed, than  ammonia.  It  is  ufed  in  a multi- 
tude of  operations,  precipitations,  decoinpofi- 
tions,  and  analyfes,  in  which  it  is  employed 
with  much  greater  fuccefs  than  was  formerly 
the  cafe,  frnce  its  intimate  nature  and  its  pro- 
perties have  been  known.  We  fhall  fee  many 
of  its  applications  in  the  entiling  feet  ions.  In 
the  arts,  in  worklhops,  anti  in  manufactories, 
it  has  great  influence  upon  the  fuccefs  of  the 
procédés  which  are  there  pradifed.  Frequently 
even  it  is  prepared,  or  manufactured  in  large 
quantities  by  diftilling  animal  fubftances,  in 
order  to  be  afterwards  applied  to  different 
ules,  for  artificially  compoftng  fal  ammoniac, 
or  the  ammoniacal  muriate.  We  fliall  take 
care  to  point  out  the  principal  ufes  to  which  it 
is  applied  in  a great  number  of  the  articles  that 
will  compofe  the  following  fed  ions. 


Article. 
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Article  XIV. 

Concerning  the  natural  Combinations  of  Earths  with 
each  other,  or  of  Stones.  General  and  chemical  Notions 
of  Lithology . 

1.  IT  has  been  feen  in  all  the  preceding  ar- 
ticles) that  none  of  the  earthy  and  alcaline 
matters,  nor  of  the  falifiable  bafes  of  which  the 
hiftory  has  been  given,  exifts  infulated  or  pure 
in  nature,  but  that  art  mult  always  employ  pro- 
cédés, more  or  lefs  complicated,  to  feparate 
them,  and  to  obtain  them  in  a ftate  of  purity. 
The  compounds  from  which  they  are  extracted, 
conftitute  the  fpecies  of  foffils  which  are  called 
ftones,  and  which  when  reduced  to  particles, 
more  or  iefs  fine,  by  the  mechanical  adtion  of 
waters,  form  the  natural  earths  or  foils. 

2.  The  ftones  are  then  confidered  by  chemifts, 
as  compounds  of  earthy  or  alcaline  matters, 
with  each  other,  and  fometimes  with  metallic 
oxides.  Thefe  give  to  them  tiie  colour  which 
diftinguifhes  them;  pot-afli  alfo  is  fometimes 
found  in  them.  It  is  eafy  to  conceive  that  the 
various  properties  of  ftones,  arife  from  the  dif- 
ferent proportions  of  their  conftituent  parts  ; 
fuch  as  their  form,  their  hard  nefs,  their  weight, 
their  fufibility,  their  refradlory  quality,  &c. 
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3..  Thou «li  the  hiftory  of  thefe  natural  com- 

<*y 

pounds  belong  more  particularly  to  mineralogy  r 
of  which  it  constitutes,  under  the  name  of 
lithology,  an  important  part,  the  numerous 
ufes  which  are  made,  even  in  chemiftry,  of 
ftony  matters,  the  light  which  that  fcience  be- 
gins to  throw  on  the  nature  of  ft  on  es  fcarcely 
known,  the  well-founded  hope  that  accurate 
analyfes  will  foon  give  to  that  branch  of  natu- 
ral hiftory  the  degree  of  certainty  which  it  has 
hitherto  wanted,  induce  me  to  include  in  this 
fyftem,  which  ought  to  defcribe  all  the  pro- 
ductions of  nature,  as  well  as  all  the  pro  du  61s 
of  art,  thefe  combinations  of  earths  with  each 
other. 

4.  Without  entering  into  a detail  of  all  the 
properties  which  are  obferved  in  ftones,  or  even 
of  the  numerous  varieties  which  nature  pre- 
fents,  it  is  fufficient  for  the  object  which  I 
have  in  view  to  prefen t in  particular  para- 
graphs, Iff  À general  outline  of  the  characters 
which  have  been  diftinguithed  in  ftones,  and 
have  been  ufed  to  diftinguifli  them  ; 2d.  A no- 
tion of  the  lithological  methods  founded  on 
fuch  of  their  characters  as  fall  under  the  fenles  ; 
3d.  A notion  of  the  fy items  which  have  been 
eftablillied  on  their  nature  or  their  intimate 
compofition  ; 4th.  The  courte  or  order  which 
the  molt  modern  lithologifts.  follow,  by  the  life 
of  both  thefe  methods  ; 5th.  The  general  pro- 
celles  or  method  of  arialyfis*  which  chemifts- 
employ  to  difeoyer  the  conftituent  principles 

of 
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oit  ft  ones  ; (Jtli.  Laltly,  Tables  of  the  analyfes 
made  of  the  principal  fpecies  of  ftones  at  pre- 
fen  t known. 


Section  First. 


C oncer  uhig  the  difiinffive  Char  offers  of  Stones. 

5.  IT  is  aim  oft  fuperfluous  to  obferve  in  this 
place,  that  the  ftones  and  the  natural  earths  or 
foils,  in  which  they  are  changed  by  the  move- 
ment of  waters,  ufuallv  conftituted  the  firft  divi- 
lion  of  minerals  or  foffils,  which  naturalifts  divide 
into  four  clalfes;  namely,  ftones,  faits,  inflam- 
mable bodies,  and  metals  : and  this  diftindfion, 
this  divifion  of  minerals  into  four  claffes,  is 
founded  on  their  phylical  properties  oppofed  in 
certain  refpedts  to  each  other;  the  ftones  are 
diftinguiftied  by  their  hardnefs,  their  infipidity, 
their  infallibility,  and  their  non-combuftibi- 
li ty  : they  alfo  conftitute  tlie  great  mats  of  the 
globe,  wliilft  the  three  other  clalfes  of  bodies 
Are  never  found  but  in  difieminated  portions, 
in  diftincl  malfes,  beds,  or  veins,  which  can 

only  be  confdered  as  acceflarics  of  the  fame 

«/ 

mais  of  the  earth. 

6.  As,  on  comparing  the  whole  of  the  ftones 
to  that  of  the  other  three  claffes  of  minerals  or 
foftils,  char  afters  proper  to  diftinguilh  them 
have  been  found;  there  has  alfo  been  found,  on 
comparing  the  different  ftones  with  each  other, 
characters  capable  of  diftinguilhing  them,  and 

cflablifhing 
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eftablifliing  unequivocal  diftinClions  among 
them.  The  properties  on  which  thefe  charac- 
ters are  founded,  and  which  have  been  much 
better  ftudied  in  modern  times,  than  has  been 
done  in  the  feries  of  ages  which  have  elapfed 
fmce  the  time  of  Ariftotle  to  the  prefent,  are 
diftinguifhed  into  three  genera  ; namely,  the 
phyfical  properties  or  characters,  the  geometri- 
cal properties  or  characters,,  and  the  chemical 
properties  or  characters.  Let  us  Iketch  rapidly 
what  each  of  thefe  genera  prefents  to  our  ob~ 
fervation. 


Characters  derived  from  the  Phyfical  Properties  of 

Stones- 

7.  It  is  ne  ce  (far  y to  remark,  firft,  that  the 
number  of  properties  on  which  are  founded  the 
fpecific  and  diftinétive  characters  of  ftony  Tub— 
fiances  muft  be  conficlerable,  and  that  we  muft 
deduce  them  from  whatever  differences  thefe 
natural  compounds  may  prefent  to  the  fenfes  ; 
becaufe  natural  beings  are  not  perpetuated  by  a 
confiant  generation  like  vegetables  and  ani- 
mals, and  have  neither  fize,  internal  form,  nor 
their  colour  conftantly  identical, — -becaufe  they 
are  independent  of  each  other,  and  without 
any  neceffary  connection,  like  that  of  the  gene- 
rative fuccellion  of  individuals  which  conftitute 
fimilar  fpecies,  and  there  can  be  no  real  fpecies 
among  minerals.  The  latitude  being  very 
^reat  which  can  fubfift  between  thefe  beiims, 

cO  . Co  ' 
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however  fimilar  they  may  at  firil  appear,  it  Ls 
evident  that  it  is  ncceifary  to  have  recourfe  to 
a very  great  number  of  properties,  in  order  to 
dittinguidi  them  with  fuccefs.  It  is  for  this 
reafon,  that  confiderations  reflecting  the  phy- 
fical  properties  of  hones,  have  been  fo  multi- 
plied. 

S.  There  are,  eight  phyfrcal  properties  which 
it  is  ufual  to  obferve  with  care  in  ltony  matters  ; 
À.  the  denlity  or  fpecific  gravity  ; B.  hardnefs 
and  elafticity  ; C.  tranfparency  or  opacity  ; 
JD.  double  or  fimple  refraction  ; E.  electricity; 
F.  magnetifm  ; (f.  colour;  IF  laftly,  tahe 
and  fmelL 


A.  Specific  Gravity. 

<).  Buff-ox  is  the  firft  who  perceived  the 
importance  of  this  character  in  hones,  and  ren- 
dered it  ufeful.  Before  him,  philofophers  fpoke 
of  it  only  as  an  objedt  of  curiohty,  or  as  a pro- 
perty applicable  only  to  the  ufe  which  was  made 
of  it  in  the  arts.  The  Arihotle  of  France-  has 
prefen  ted  it  alfo  as  an  dfential  character  which 
may  ferve  to  feparate,  or  to  approximate  the 
■fpcci.es  of  hones.  Since  this  ingenious  notion, 
much  more  attention  has  been  paid  to  this  pro- 
perty. Eafy  methods  of  examining  it  with 
care  are  at  p refen t had,  either  by  the  hydroftatic 

balance,  or  the  hydroftatic  ini  t ruinent  of  Nichol- 

% v' 

foil,  or  the  gravimeter  of  Citizen  Guyton. 

10.  It 
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10.  It  is  now  well  known  that  two  {tones  dif- 
ferent in  colour,  tranfparency,  external  or  ap- 
parent form,  grain  or  fradture,  will  be  of  the 
fame  fpecies,  or  approximate  Angularly  in  their 
nature  if  they  have  the  fame  fpecific  gravity; 
that  thofc,  on  the  contrary,  which  are  apparent- 
ly fimilar  in  other  refpedts,  are  really  of  different 
fpecies  when  they  differ  in  this  quality  ; that 
there  are,  neverthelefs,  certain  limits  in  this  ap- 
proximation of  weight  proper  to  diftinguifh 
either  the  identity  or  the  diffimilarity  of  ftones, 
as  there  are  between  the  whole  mafs,  or  rather 
the  totality  of  ftones,  and  of  metallic  fubftances; 
laftly,  that  the  lighteft  ftone  is  at  the  moft  to 
water  as  12,4 92  is  to  10,000,  and  that  the  hea^ 
vieft  is  to  water  as  44, 161  to  10,000. 


B.  Har chiefs. 


11.  The  coherence  of  the  ftony  particles  pre- 
fent  fo  many  varieties,  or  modes  of  exiftence, 
that  there  is,  in  this  refpect,  à great  difference 
between  the  different  fpecies  of  ftones.  Some 
have  fo  ftrong  an  aggregation  that  the  hardeft 
and  higheft  tempered  fteel  does  not  attack 
them  ; others  ftrongly  refift  inftruments  which 
attack  them  though  with  difficulty.  All  thefe 
laft  detach,  by  a brifk  ftroke  from  fteel,  particles 
of  that  metal  which,  being  thus  ftrongly  heat- 
ed, take  fire  in  the  air,  and  form -thole  fparks  of 
inflamed  iron  which  are  produced  in  {hiking 
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lire  ; tliefe  ftones  are  denominated  feint  illank 
j\Iany  others  are  eafily  Scratched  or  cut  by  fteel  ; 
tliefe  are  eafily  chiffelecl  into  fhape  ; fome  of 
them  are  even  almoh  foft,  or  extremely  eafy 
to  be  broken  or  pounded. 

12.  The  property  of  affuming  a polifli,  the 
nature  and  the  difference  of  that  polifli,  even 
depend  on  the  greater  or  lefs  approximation  of 
the  particles  of  Hones  or  their  hard  nefs.  A fé- 
riés of  varieties,  or  many  fliades,  in  the  polilh 
of  which  ftones  are  fufceptible,  may  be  diftin- 
guilhed,  becaufe  this  property  is  of  great  ufe  in 
the  arts,  either  for  purpofes  of  amufement  or  of 
utility.  Thus,  we  fay,  a bright  polilh,  a hard 
poli  Hi,  a greafy  polilh,  a brilliant  polifli,  a fine 
polilh,  a coarfe  polifli,  a common  polilh,  a high 
polilh,  &c. 

13.  Though  the  file,  the  punch,  and  the  fteel, 
are  the  principal  means  which  are  ufed  to  effi- 
mate  the  hardnefs  of  hones,  the  mutual  abtion 
of  their  fpecies,  or  varieties,  is  alfo  ufed  with 
advantage,  on  each  other.  The  folid  angle  of 
one  hone  is  rubbed  on  the  furface  of  the  other, 
and  thus  by  comparifon  a judgment  is  formed 
of  their  refpedtive  hardnefs.  This  method  fre- 
quently ferves  to  dihinguifli  them  with  fufficient 
accuracy.  The  proceffes  of  the  arts,  the  cut- 
ting, fawing,  engraving,  turning,  fliaping,  and' 
poli  filing  ftones  by  the  different  proceffes  of  the 
workfliop  alfo  afford  valuable  information  in  this 
kind  of  refearch.  Lapidaries,  habituated  to 
fafliion  hard  ftones,  are  very  capable  of  deter- 
mining. 
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mining,  with  precihon,  the  comparative  hard» 
nefs  of  thefe  natural  compounds.  Tables  of  the 
hardnefs  of  ftones  are  already  fuccefsfully  con- 
ftruded  after  their  relation,  and  their  expe- 
rience, 

C . Tra mpa re ncy . 

14.  Every  hone  is  tranfparent  in  its  ulti- 
mate particles,  and  it  is  particularly  in  this 
character  that  thefe  bodies  differ  from  the  me* 
tals  which  are  totally  opaque.  But  the  dif- 
ferent manner  in  which  their  particles  are  ar- 
ranged, with  relation  to  each  other,  caufes  this 
property  to  vary  extremely.  Thus  there  may 
be  dihinguifhed  in  hones  the  perfect  tranfpa- 
rence,  that  which  is  cloudy,  icy,  ftriated,  femi- 
tranfparent,  and  the  more  or  Ids  conbderable 
opacity  ; impurity  or  mixture  is  often  the 
caufe  which  diminifhes  or  takes  away  the  tranf- 
parencc,  and  it  has  been  thought  that  a hone, 
formed  by  the  mixture  of  feveral  others,  mu  ft 
be  entirely  opaque. 

15.  By  making  ufe  of  tranfparence  as  a dif- 
tindive  character  of  ftones,  it  is  necelfary  to 
give  to  this  character  only  the  degree  of  confi- 
dence or  of  value  which  it  merits.  Frequently 
it  only  ferves  to  diftinguifh  varieties  ; fome- 
times  it  may  mark  a limit  in  two  fpecies,  but 
it  is  only  by  affociating  it  with  feveral  other 
properties  or  charaders  which  ftrengthen  it, 

that 
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that  the  outlines  of  the  defcription  can  be  com- 
pleted, which  it  is  always  propofed  to  form  in 
defcribino*  thefe  beings, 

o O 


D.  Hefra&ion, 


Id.  Newton,  in  his  illuftrious  refearches 
concerning  light,  has  conftdered  with  the  faga- 
city  of  genius  the  courfe  and  deviation  which 
light  undergoes  within  tranfparent  bodies  ; he 
paid  fome  attention  to  ftones.  Many  other 
natural  philcfophers  have  attended  to  the  dou- 
ble refraction  which  feveral  ftones  prêtent  ; that 
is  to  fay,  the  property  of  doubling  the  image 
of  one  object  obier ved  through  the  two  oppo- 
site faces  of  a tranfparent  ftone.  Citizen  Haiiy 
has  difeovered  this  property  in  a great  number 
of  ftones,  and  has  ably  explained  its  mechanifm, 
17.  It  is  to  the  interior  ft.  ruct  u re,  or  to  the 
refpective  pofttion  of  the  plates  which  fonn 
ftones,  that  the  double  refraction,  which  fome 
of  them  prefent,  is  owing.  Thofe  which  poftefs 
it  may  be  diftinguiflred  by  that  lingular  pro- 
perty, from  the  fpecies  which  do  not  prefent 
this  character,  and  which  may  referable  the  for- 
mcr  by  other  characters. 


E.  Eleftricitu. 
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E.  Electricity. 

18.  Stones  appear  generally  to  act  in  two 
manners  with  regard  to  the  communication  of 
the  electric  fluid.  Either  they  themfelves  be- 
come elefitric  by  mere  heating,  when  penetrated 
by  a fufficient  quantity  of  caloric,  or  elfe  they 
only  acquire  that  property  by  friétion,  or  im- 
mediate communication  with  a body  already 
eleétrified. 

Some  of  them  eafily  become  very  good  elec- 
tric conductors  on  account  of  the  metallic  mat- 
ters which  they  abundantly  contain.  Nothing 
more  is  then  required  but  to  place  them  in  con- 
ta6t  with  an  electrified  conductor,  and  to  oppofe 
the  finger  or  a metallic  ball  to  it  in  order  to 
draw  i parks  from  it. 

19-  It  is  unneceffary  to  defcribe  minutely 
the  different  modifications  of  the  electric  pro- 
perty ; it  is  fufficient  to  know  that  they  form 
ufeful  characters  to  diftinguifh  them  from  each 
other,  as  well  as  to  difpofe  them  methodically 
among  each  other  : a fpecific  difiindtion,  and 
methodical  difpolition  which  conftitute  the 
double  objefit  of  the  natural  hiftory  of  ftones. 


F.  Magnetifm. 

20.  Magnetism  takes  place  in  feveral 

ftones  ; feme  of  them  obey  it  in  a remarkable 

manner^ 
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manner,  on  account  of  the  quantity  of  iron  in 
an  almoft  metallic  hate  which  they  contain.  A 
magnetic  bar  fufpencled  by  its  middle  on  a pivot, 
and  rendered  very  movable  by  that  lufpenfion, 
ferves  advantageoufly  to  determine  the  prefence 
of  that  property  in  ftones.  This  charader  being 
very  proper  to  eftablifh  a certain  diftindion, 
fhould  never  be  neglected. 

£1.  By  obferving  it  with  attention,  on  com- 
paring together  the  ftones  which  poffefs  it,  it  is 
foon  difcovered  that  it  fcarcely  ever  takes  place 
but  in  thofe,  the  opacity  and  grain  of  which 
announce  a mixture  more  or  lefs  impelled  ; fo 
that  it  is  to  the  molecules  of  iron,  dilfeminated 
among  thofe  of  the  ft'one,  that  it  is  proper  to 
attribute  the  caufe  of  the  phenomenon.  Hence 
it  will  be  conceived  why,  befides  the  ftones  of 
which  I am  about  to  fpeak,  fome  of  them  exhi- 
bit abfolutely  the  fame  properties  as  the  load- 
ftone,  efpecially  the  polarity,  and  confequently 
tlie  penetration  and  the  magnetic  currents,. 
This  lift  mode,  namely,  polarity  muft  conftitute 
one  of  the  heft  means  of  diftinguifhing  the  ftones 
among  which  it  is  met  with,  from  thofe  which 
are  fimply  magnetic,  or  attractable. 

G.  Colour. 

££.  Colour  is  almoft,  not  to  fay  always, 
an  accidental  quality,  a fugitive  property, 
an  inconftant  modification  in  ftones.  In  fad, 

thofe 
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thofe  which  feem  even  to  receive  from  it  the 
moft  certain  character,  fnch  as  the  gems,  are 
frequently  without  colour,  though  pofle  fling  all 
the  other  properties  which  characferife  them,  or 
which  determine  in  them  this  or  that  nature, 
and  confequently  this  or  that  denomination. 
Thus  it  is  that  we  fee  among  the  varieties  ot  lè- 
verai fpecies  of  hones  ordinarily  coloured,  va- 
rieties which  are  clear,  or  abfolutely  without 
colour.  We  may,  therefore,,  affert  with  confi- 
dence, that  the  colour  originates  from  particles 
foreign  to  the  nature  of  the  ftone,  which  may 
be  ahfent  without  changing  that  nature,  and 
without  which  the  ftone  would  continue  to  pre- 
fent  all  its  diftindtive  characters.  Hence  the 
colour  can  be  but  very  feldom  reckoned  among 
the  eflential  characters  of  ftones,  and  though  it 
be  necelfary  to  indicate  the  predominant  colour 
in  the  fpecies,  as  the  green  in  the  emerald,  the 
blue  in  the  fapphire,  or  the  blue  telefia,  it  is  pro- 
per to  rank  it  rather  among  the  modifications 
than  in  the  order  of  the  eflential  characters. 
Betides  when  the  colour  is  taken  as  a character, 
we  ufe  a vague  and  uncertain  property  unlefs 
inftcad  of  a definition  we  give  a fixed  example, 
either  by  mentioning  a natural  fubftance,  or  by 
prefenting,  by  the  aid  of  painting,  the  fame  tint 
as  that  of  which  we  mean  to  fpeak. 
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H.  Tnjlc  and  Smell. 

23.  Taste  and  fmell  do  not  exift  in  any  of 
the  (tones  ; and  tliefe  are,  in  general,  very  rare 
properties  among  thefe  natural  compounds. 
There  are,  however,  fome  clays  and  fome  fdices 
which  leave  on  the  tongue  a peculiar  faint  tafte, 
which  may  be  placed  among  the  effential  cha- 
racters, fince  this  kind  of  action  on  the  organs  of 
tafte  only  takes  place  in  two  fpecies.  The  cafe 
is  the  lame  with  the  fmell.  It  is  not  to  be  met 
with  but  in  the  fame  (tones  ; it  is  fufficient  to 
impregnate  them  with  the  hot  vapour  of  the 
breath,  in  order  that  they  may  expand  this  very 
fenfible  odour  of  moift  alumine,  which  is  coni” 
monly  named  the  earthy  fmell,  and  which  leaves 
no  doubt  concerning  the  property  which  that 
earth  has  of  elevating  itfelf  in  the  air  with  the 
water  which  attracts  it.  A fetid  odour  is  alfo 
obferved,  in  fome  mixed  ftones,  analogous  to 
that  of  fulphurated  hidrogen  gas,  and  very  dif- 
ferent from  the  earthy  odour,  properly  lb 
called. 


Qhara&crs  taken  from  the  Geometrical  Properties  of 

mixed  Stories. 

24.  The  properties  which  the  naturalifts 
name  geometrical  in  minerals  may  be  referred 

to 
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to  four  modifications  : A,  the  external  form  ; 
B,  the  internal  form,  or  the  nucleus  ; C,  the 
primitive  form,  or  that  of  the  integrant  mole- 
cules, on  which  depends  I),  the  fraéiure,  or  the 
diveffity  of  the  furfaces,  which  are  obferved  in 
the  fragments.  Each  of  thefe  forms  being  more 
or  lefs  regular,  is  capable  of  being  defined  with 
precihon,  or  meafured  with  exaétnefs,  fo  as  to 
afford  ufeful  refaits  in  the  ftudy  of  hones,  with- 
out furni filing,  however,  very  fare  infulated  cha- 
racters. The  French  mi neralogifts  have  greatly 
advanced  the  fcience  under  this  point  of'  view  ; 
it  is  therefore  ufeful  to  exhibit  an  outline  of 
their  doctrine,  at  the  fame  time  remarking  that 
what  will  be  laid  here  concerning  hones  is  ap- 
plicable to  all  minerals  in  general. 

A,  External  Form. 

£6\  If  ever  fo  flight  a view  be  taken  of  à 
collection  of  hones,  it  is  djfcoverable  that  a 
great  number  of  thefe  mineral  compounds  aff 
fed  regular  forms,  or  prelent  cryhallizations 
more  or  lefs  varied.  The  firh  idea  which  na- 
tural ihs  muh  have  had  wras  that  the  cryhalline 
form  was  conhant,  that  it  could  afford  a means 
of  claffmg  and  of  dihinguifhing  the  hones  at 
once,  and  that  it  was  attached  in  fome  fort  to 
their  intimate  nature.  Linnaeus  beheld  in  the 
cryhallization  of  hones  an  analogy  with  the 
organic  forms  of  plants  and  of  animals.  Ac- 
cording 
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cording  to  him,  the  cry ftalline  form,  impreffed 
in  fome  manner  among  them  by  the  faits,  re- 
prefents  a fpecies  of  fecundation  operated  by 
faline  fubftances,  and  he  believed  that  it  may 
ferve  to  difpofe  them  methodically  like  the  fex- 
ual  organs  in  plants  : he  then  eftabliihed  a 
mineralogical  method  from  the  form  of  ftones, 
by  deriving  their  generic  denominations  from 
the  faits,  which  he  regards  as  their  generators. 
Thus  the  diamond  was,  according  to  him,  a 
fpecies  of  alum,  rock  cryftal  a fpecies  of  nitre. 
But  Linnaeus  himfelf  perceived  that  there  were 
many  errors  in  his  fyftem,  becaufe  he  feparated, 
in  different  genera,  varieties  of  the  fame  fub- 
fiance,  as  the  calcareous  fpar,  and  he  connected 
in  one  genus  very  different  hones.  This  cele- 
brated naturalift  befides  was  acquainted  with 
but  very  few  cry  fiais,  and  e ven  with  them  only 
in  a very  inaccurate  manner. 

2d.  Romé  de  Li fle  ftudied  with  extreme  care, 
and  colledieci  with  indefatigable  patience?  an 
immenfe  quantity  of  fiony  cryftals.  He  dis- 
covered the  variations,  and  even  the  apparent 
contrails  of  cryftallization  of  the  fame  fub- 
ffances.  He  reduced  the  diverfity  of  forms  to 
general  or  primitive  types.  He  admitted  and 
exhibited  a predominant  form  in  each  genus, 
compofed  of  all  the  fubftances  of  the  fame  na- 
ture, and  he  described  the  various  modifica- 
tions under  which  that  form  appeared  to  be 
mafked  ; he  determined  even  the  gradation,  or 
the  feries  of  tranfttions  between  that  form  and 
: - V 0L*  II*  B b that 


370  THEORY  OF  C RYSTALLIZ ATIOtf. 

that  of  the  polyhedra  which  appeared  to  differ 
moft  from  it.  He  firft  difcovered  that,  not- 
withftanding  the  diverfity  of  form  which  the 
fame  ftony  fubftance  affeCted,  the  character 
might  be  difcovered  and  determined  within  a 
certain  point,  by  the  confiant  value  of  the 
principal  angles.  Laftly,  he  explained  the  pro- 
duction of  the  principal  cryftalline  polyhedra 
derived  from  a primitive  form  by  truncatures  ; 
and  though  this  la  ft  method  was  erroneous,  it  is 
juft  to  fay  that  this  work  of  Rome  de  Lifte  is 
one  of  the  moft  beautiful  and  moft  uleful  re- 
fearches  which  have  been  made  in  mineral- 

°gy' 

27.  Citizen  Haiiy,  by  ftudying  after  Rome 
de  Lifte,  the  manner  in  which  the  forms  of  ftony 
cryftals  are  modified  according  to  what  he  called 
the  laws  of  diminution,  which  will  be  fpoken 
of  in  the  following  article,  and  by  reviewing 
all  the  modifications  of  which  the  external  form 
is  fufceptible,  has  propofed  fome  general  refaits, 
immediately  applicable  to  the  confiderations 
which  are  to  be  prefented  here. 

28.  The  cryftalline  forms  of  ftones  cannot 
ferve  as  characters  to  diftinguiih  their  fpecies. 
Stones  do  not  univerfally  nor  always  affeCt  thefe 
forms  : the  numerous  metamorphofes  which 
their  cryftallization  undergoes,  prevents  us  from 
finding  in  their  configuration  any  common 
point  of  union,  proper  to  connect  thofe  toge- 
ther  which  belong  to  one  fpecies.  It  is  not 
proper,  however,  to  negleCt  the  ftudy  of  forms 
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m {tones  ; it  is  neceffary  to  remember,  that  all 
the  cryftals  of  one  fpecies,  having  analogy  by 
the  number  of  their  planes,  and  of  the  fides 
which  terminate  thefe  planes,  as  well  as  by  the 
mutual  difpofition  of  the  fame  planes,  have,  at 
the  fame  time,  their  angles  conftantly  of  the 
fame  meafure,  in  fuch  a manner  that  one  only, 
however  modified  it  may  be,  may  reprefent  all 
the  others.  From  this  firft  truth,  demonftrated 
by  the  refearches  of  Rome  de  Lifle,  it  follows, 
that  it  is  poftible  to  determine,  from  the  mere 
meafure  of  angles,  all  the  varieties  of  ftony 
cryftals  comprifed  under  one  fpecies,  or  to  aft 
certain  that  two  analogous  forms  of  ftony  cry  ft 
tals  belong  to  different  fpecies,  if  they  differ  in 
the  meafure  of  their  angles, 

29«  If  the  identical  forms,  fuch  as  the  cube, 
the  regular  octahedron,  the  regular  hexahedral 
prifm,  &e.  which  are  met  with  in  very  diffe- 
rent fpecies,  be  oppofed  to  the  certainty  of  thus 
diftinguifliing  mineral  bodies,  and  to  the  efta- 
blifhment  of  a method  founded  on  cryftalîiza- 
tion,  it  will  then  be  fufftcient  if  we  combine, 
with  this  firft  character  of  form,  a fécond  charac- 
ter eafily  to  be  afcertained,  in  order  to  derive 
an  advantageous  ufe  from  our  obfervations  con- 
cerning the  ftony  cryftals.  Thus,  though  the 
exterior  form  does  not  truly  reprefent,  but  in 
very  few  cafes,  the  fpecies  among  {tones,  fome- 
times  it  is  alone  fufiicient  to  indicate  them,  and 
in  others  it  only  requires  to  be  joined  to  fome 
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other  confideration,  in  order  completely  to  diff 
tinguifh  the  fpecies. 

50.  The  habitude  which  is  acquired  by  a long 
practice  is  neceffary  to  difcover  the  forms  of 
ftones  which  are  not  very  evident,  particularly 
when  the  ftony  cryftals  are  grouped  or  clofe  to 
each  other,  or  concealed  partly  in  the  gangue  ; 
it  is  neceffary  to  meafure  the  plane  angles,  and 
the  refpedtive  inclination  of  their  faces  or  edges. 
This  meafure  is  made  with  an  inftrument,  which 
is  named  the  goniometer,  and  of  which  a de- 
fcription  is  found  in  the  Journal  de  Phyfique, 
and  in  feveral  other  works  on  mineralogy. 

B.  Form  of  the  Nucleus  or  internal  Form . 

51.  The  external  form,  or  apparent  cryftal- 
lization  of  minerals,  of  which  we  have  juft 
fpoken,  is  frequently,  and  almoft  always,  a mere 
outfide  which  covers  a primitive  form,  and 
varies  according  to  certain  laws,  whilft  the  in- 
ternal form  is  confiant.  BeTgmann,  by  ft  tidy- 
ing the  mcehanifm  of  the  form  of  cryftals,  was 
the  firft  who  conftdered  the  different  forms 
of  the  fame  fubftance  as  produced  by  the  fu- 
per-pofition  of  planes,  regularly  decreafing 
around  a cryftalline  nucleus  of  a confiant  figure. 
This  original  idea,  verified  by  the  celebrated 
chemift  of  Upfal,  upon  a variety  of  frac- 
tured calcareous  fpar,  was  afterwards  taken  up 
and  Angularly  extended  by  citizen  Haiiy,  who 

applied 
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applied  it  to  a feries  of  cryftallized  minerals, 
who  generalized  it  by  a very  great  number  of 
ingenious  refearches,  and  who  difcovered  the  na- 
tural laws  of  the  diminutions,  both  by  experi- 
ment and  by  calculation,  in  fuch  a maimer  as 
to  render  that  difcovery  abfolutely  his  own  ; 
particularly  as  it  was  a fortunate  accident  of  the 
fraCture  of  a cryftal  which  prefented  it  to  him, 
when  he  was  yet  abfolutely  ignorant  of  what 
Bergmann  had  done  before  him.  This  new 
branch  of  the  ftudy  of  minerals,  which  confti- 
tutes,  in  its  practical  or  experimental  part,  a 
true  cryftallotomy,  and  in  its  theoretical  re- 
fearches a cryftallometry  very  different  from 
the  incoherent,  vague,  and  frequently  erroneous 
notions  which  were  maintained  before  the  dis- 
coveries of  citizen  Haiiy,  now  prefent  a number 
of  general  principles  which  may  be  explained 
in  a few  words. 

32.  When  the  accidental  fraCtures,  which  are 
formed  in  ftony  cryftals  by  the  lliocks  which 
they  receive,  are  confidered,  it  is  remarked 
that  they  take  place  in  directions  peculiar  to 
each  kind  of  cryftallized  fubftance.  If  it  be  at- 
tempted to  divide  or  diffeCt  the  cryftals  with  the 
blade  of  a knife,  by  cautioufly  ftriking  or 
preffing  on  tliefe  cryftals,  a practice  which  re- 
fembles  the  art  of  cleaving  ftones,  fo  well  known 
to  lapidaries,  it  is  alfo  obfervable  that  thev 
only  admit  of  that  diffeCtion  in  particular  di- 
rections ; this  direction  is  difcovered  bv  the  fa- 
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and  by  the  polifhed,  fmooth  and  brilliant  fur^ 
face  of  thefe  plates.  By  this  fpecies  of  anato- 
my, we  are  enabled  to  derive,  or  to  extract,  in 
fome  degree,  from  a polyhedral  exterior,  a folid 
different  from  the  former,  which  frequently  ap* 
pears  to  have  no  relation  with  it,  and  which 
was  included  or  concealed  under  a fuperadded 
envelop  ; thus  a cube  is  extracted  from  an  oc- 
tahedron, from  a dodecahedron,  an  oétahedron 
from  a cube,  a rhomboid  from  a prifm,  or  from 
another  fpecies  of  rhomboid,  &c. 

53.  All  minerals,  and  in  particular  all  the 
hones,  do  not  appear  equally  fubjeét  to  this 
mechanic  divifion  ; but  not  to  mention  that  ex- 
perience proves  that  there  are  a much  greater 
number  of  them  which  admit  of  it  than  could 
pt  firft  have  been  imagined,  this  imperfection 
is  fupplied  in  the  direCt  examination  of  their 
ftruéture  by  obfervation  of  the  ftriæ  which  fur- 
row them,  the  pofition  of  the  faces  which  vio- 
lent fraCtures  uncover,  or  their  analogy  with 
other  divifible  cryftals. 

It  is  afcertained  that  all  the  varieties  of  ex- 
terior form,  prefented  in  the  different  modifi- 
cations of  the  fame  fubftance,  or  of  one  fub- 
ftance  of  the  fame  nature,  approximate  by  dif~ 
faction  to  the  fame  internal  form,  to  the  fame 
identical  nucleus,  provided  with  the  fame  num- 
ber of  faces  equally  inclined  to  each  other,  and 
joined  by  the  fame  angles.  Hence,  the  deno- 
minations of  primitive  form  for  the  internal 
nucleus,  and  of  fecondary  forms  for  thofe  which 

differ 
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differ  from  the  former,  and  are  produced  by  the 
addition  of  plates,  decreafing  according  to  laws 
which  have  been  determined. 

34.  As  thefe  two  forms,  which  are  frequently 
fuperadded  to  each  other,  prefent  varieties  of 
figure,  which  are  fometimes  very  numerous  in 
the  fame  fubftance,  all  thefe  varieties  may  be 
confidered  under  a geometrical  point  of  view, 
as  compofed  of  a confiant  quantity,  which  is 
the  nucleus,  and  of  a variable  quantity,  which 
forms  the  envelop.  Nothing  more  remains  to 
be  done,  after  this  confideration,  than  to  find 
the  law  of  the  variation. 

If  the  figures  of  the  plates,  fuperadded  to  the 
nucleus,  be  obferved,  it  will  be  feen  that  thefe 
plates  decreafe  fornetimes  in  all  the  fides  at 
once,  fometimes  on  particular  fides  only,  fo 
that  the  diminutions  have  for  the  limit  of  their 
departure,  or  origin,  fometimes  the  edges  of  the 
nucleus,  and  fometimes  the  angles.  Now  it  is 
on  this  diminution,  whether  partial  or  total,  that 
all  the  varieties  of  fecondary  form  depend.  The 
problem  which  muft  be  propofed  to  difcover 
the  generation  of  each  of  thefe  forms,  may  be 
propofed  in  the  following  terms  : a fecondary 
cry  fiai  being  given,  as  xvell  as  the  figure  of  its 
nucleus , and  that  oj  its  particles , (fuppofing, 
moreover,  that  each  of  the  laminæ  fuperadded  to 
the  nucleus  be  exceeded  or  overlapped  by  the 
preceding  laminæ,  in  certain  parts,  in  a quanti- 
ty equal  to  one,  two,  three  rows  of  particles)  ; 
to  determine  among  the  difi'erent  laws  of  dimi- 
nution 
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nation , that  from  which  a form  Jhall  refait  per- 
fectly fimilar  to  the  one  propofed,  in  the  number , 
the  figure,  the  difpofition  of  the  faces,  and  the 
meafure  of  the  plane  and  folia  angles.  By  cal- 
culation, applied  to  each  cafe  of  fecondary  form, 
a law  of  diminution  is  formed,  which  anfwers 
the  conditions  of  this  problem, 

35.  The  varieties  are  alfo  rendered  more  evi- 
dent by  arranging  folids  of  a fenfible  volume 
taken  for  the  integrant  particles,  about  a larger 
nucleus,  in  fuch  a manner  as  to  prefent  to  the 
eye  a grofs  but  accurate  view  of  the  difpoft- 
tions  of  the  plates  on  the  faces  of  the  nucleus, 
and  of  the  production  of  the  different  fecondary 
forms  by  the  diminution.  A feries  of  thefe 
models  of  ftiTictures,  of  thefe  diffebtions  of  cry- 
ftals  in  wood  or  in  pafteboard,  has  been  made 
by  the  care  of  citizen  Haiiy,  and  it  is  pofnble, 
in  proportion  as  any  new  form  is  known  in  its 
generation,  to  prefent  its  type  to  the  eyes  of 
obfervers.  Nothing  more  is  required  than  to 
reduce  thefe  grofs  folids,  by  imagination,  into 
imperceptible  particles,  in  order  to  refer  the 
artificial  ftrubhires  to  the  natural.  In  this  man- 
ner it  is  diown,  either  by  calculation,  or  by 
diffeclion,  or,  laftly,  by  the  model,  1ft,  that  a 
dodecahedron,  ' with  equal  rhomboidal  faces, 
has  for  its  nucleus  a cube,  on  each  of  the  faces 
of  which  there  are  a fucceffion  of  fquare  plates, 
each  decreafmg  by  a row  of  particles  on  each 
fide,  in  fuch  a manner  that  they  form  quadran- 
gular pyramids,  placed  on  each  face  of  the  cube, 

and 
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and  as  the  fix  pyramids  have  twenty-four  tri- 
angular faces,  two  of  which  lie  in  the  fame 
plane,  there  refults  from  them  a fecondary  fo- 
lid,  having  twelve  equal  rhomboidal  faces  ; 
gd,  that  a dodecahedron,  having  pentagonal 
faces,  refults  from  a diminution  of  fquare  plates 
on  a cubic  nucleus,  by  two  rows  in  breadth  on 
two  of  the  tides  of  the  nucleus,  and  by  two 
rows  in  height  on  the  two  other  tides,  &c.  &c. 
All  the  poffible  variations  may  thus  be  explain- 
ed ; but  thefe  are  the  general  principles  which 
we  feek,  and  it  is  only  necelfary  to  develop 
the  refults  to  which  thefe  principles  lead. 

36.  To  explain  the  poffible  varieties  of  crys- 
tallization by  diminution,  it  is  necelfary  to  un- 
derhand, lh,  that  the  diminution  may  take 
place  on  the  tides,  by  one,  two,  three  or  four 
rows  of  particles  : 2d,  that  they  may  take  place 
on  the  tides  alternately  in  height  and  in  breadth, 
and  with  differences  in  the  number  of  rows 
withdrawn  ; 3d,  that  they  may  take  place  by 
the  angles  ; 4th,  that  the  different  diminutions 
may  he  combined  two  and  two,  or  in  a greater 
number,  in  fuch  a manner  that  the  varieties  of 
forms  poflible  to  exift,  or  determinable  by  cal- 
culation, are  infinitely  more  numerous  than 
they  have  yet  been  found  in  nature  ; 5th,  that 
there  is  fometimes  an  uniformity  between  all 
the  decreafes,  in  fuch  a manner  that  they  take 
place  by  one,  two  or  three  rows  on  different 
Tides  or  angles,  and  fometimes  they  vary  from 
one  fide  to  another,  or  form  one  angle  to  ano* 

ther; 
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ther;  6th,  that  fometimes  the  fame  fide  or  the 
fame  angle  undergoes  feveral  laws  of  decreafe 
which  fucceed  each  other  ; 7th,  that  the  num- 
ber of  the  laws  appears  neverthelefs  to  have  a 
limit  determined  by  the  circumftances  under 
which  cryftallizations  are  placed  ; for  example, 
the  diminution  has  not  yet  appeared  to  exceed 
fix  rows  of  particles  ; 8th,  laftly,  that  there  are 
cafes  where  the  law  of  the  diminution  is  inter- 
rupted at  a certain  height  of  laminae  added  to 
the  primitive  form,  or  to  the  nucleus,  in  fuch  a 
manner  that  there  then  exiits,  in  the  fecondary 
figure,  forms  parallel  to  thofe  of  the  nucleus. 

37 . To  the  bafes  of  the  theory,  publifhed  by 
citizen  Haiiy,  it  only  remains  to  add  the  numT 

her  of  the  primitive  forms,  or  of  the  different 

* 

nuclei,  which  cryflallotomy  has  hitherto  enabled 
us  to  difcover.  It  is  found,  at  prefent,  that  all 
the  primitive  forms  are  reducible  to  fix,  name- 
ly, 1ft,  the  parallelopipedon,  fuch  as  the  cube, 
the  rhomboid,  and,  in  general,  all  the  folids  ter- 
minated by  fix  faces,  parallel  two  to  two  ; ^d, 
the  regular  tetrahedron  ; 3d,  the  o6fahedron 
with  equilateral  ifoceles  or  fcalene  triangular 
faces  ; 4th,  the  hexagonal  prifm,  with  a regu- 
lar or  fimply  fymmetrical  bafe;  5th,  the  dodeca- 
hedron with  equal  rhombic  faces  ; 6th,  the  do- 
decahedral form  of  two  right  pyramids  united 
by  their  bafes. 


C.  The 
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C.  The  Form  of  the  'primitive  Integrant  Particles . 

38.  The  moft  difficult  queftion  to  difcufs  by 
experiment,  and  which  it  is  fcarcely  poffible  to 
folve  but  by  reafoning,  is  that  which  relates  to 
tile  form  of  the  primitive  particles,  or  of  the 
1-aft  integrant  particles  of  minerals  in  general, 
and  of  hones  in  particular.  It  is  true  that  the 
folution  of  this  queftion  has  but  little  relation 
to  the  clarification  and  to  the  method  of  dif- 
tinguifhing*  ftones,  fmee  the  forms  of  the  pri- 
mitive particles,  even  when  its  precife  determi- 
nation ffiall  be  attained  by  long  and  difficult 
labour,  will  not  ferve  as  characters  for  ftones  ; 
it  is  only  requifite  therefore,  to  treat  this  fub- 
je6t  concifely,  merely  to  know  ho w far  we  have 
arrived  in  this  refpeét. 

As  the  internal  nuclei  of  minerals  regularly 
cryftallized,  however  multiplied  the  internal 
forms  which  envelop  them  may  be,  are  reduced 
to  fix  polyhedra,  fo  likewife  are  the  primitive 
particles  which  conftitute  thefe  figures,  which 
are  fo  minute  that  they  efcape  our  fenfes,  and 
appear  to  be  reduced  to  a hill  fmaller  number  of 
elementary  forms.  Some  attempts  at  the  dif- 
fedtion  of  primitive  cryflals  feem  to  announce 
that  the  tetrahedron  with  triangular  faces  is  the 
moil  frequent  primitive  form  of  the  particles  ; 
to  thefe  may  alfo  be  joined,  in  thought,  the  tri- 
* angular  prifm  and  the  parallelopipedon.  Tetra- 
hedrons, 
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hedrons,  arranged  in  a great  many  different 
manners,  give  every  poffible  form,  as  may  be 
feen  by  the  artificial  generation  of  parallelopipe- 
dons,  from  laminæ  by  every  kind  of  fuperpofi- 
tion,  of  octahedrons,  of  dodecahedrons,  of 
rhomboids,  See . It  is  evident  then  that  the 
tetrahedron  may  be  fuppofed  the  only  primitive 
form  of  the  particles,  generating  every  other 
form,  as  well  in  the  nuclei  as  in  the  fecondary 
and  external  cryhallizations.  In  this  probable 
hypothefis,  which  is  confident  with  the  fimpli- 
city  and  economy  of  nature,  the  confiant  and 
given  forms,  both  of  the  nuclei  and  in  the  fe- 
condary cryhals  of  the  fame  fubftance,  depend 
only  on  the  refpeCtive  difpofition,  or  the  parti- 
cular arrangement  of  the  primitive  particles 
among  themfelves.  It  is  in  the  difpofition,  and 
the  arrangement  of  thefe  particles,  which  al- 
ways takes  place  in  the  fame  manner  in  the  fame 
fubftance,  that  the  geometric  character  of  each 
fubftance  confifts  ; and  this  character,  or  that 
limited  difpofition  of  particles,  depends  on  the 
proper  or  chemical  nature  of  mineral  bodies. 
From  this  important  confideration  the  form  of 
the  primitive  particles,  belides  that  it  is  diffi- 
cult and  almoft  impoffible  to  be  difeovered,  can- 
not ferve  as  characters  to  diftinguiffi  hones  ; it 
is  their  refpeCtive  arrangement  only  which  can 
affift  in  this  diftinCtion  ; and  as  this  arrange- 
ment is  determined  by  the  infpeCtion  of  the 
fraCture  of  minerals,  and  particularly  of  hones, 

it 
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it  is  concerning  the  fraéture  which  it  is  necef* 
fary  at  prefent  to  treat. 


D.  Fracture . 

39.  When  any  ftone  is  broken,  we  obferve, 
in  the  furfaces  concealed  by  nature,  a peculiar 
arrangement  of  their  integrant  particles,  a dif- 
tincl  fpecies  of  texture  in  each.  It  is  this  ap- 
pearance which  lithologifts  defcribe  under  the 
name  of  fraéture  ; it  affords  characters  very  ufe- 
ful  for  the  diftinétion  of  hones  from  each  other. 
On  comparing  all  the  obfervations  made  con- 
cerning the  form  and  afpeét  of  the  internal  part 
of  all  known  {tones,  it  is  evident,  that  it  is  pof- 
fible  to  reduce  the  differences  of  fraéture  which 
thefe  matters  prefent,  to  certain  diftinétions.  In 
faét,  fome  prefent,  like  glafs,  furfaces  fmooth, 
poliflied,  and  undulated  in  their  fraéture.  This 
character  conflitutes  the  vitreous  fraéture  ; it 
is  very  marked  in  quartz,  agates,  &c.  Others 
prefent  a half-clear  and  polilhed  furface  in 
their  fraéture,  but  which  is  not  equal  in  all  the 
places  of  reparation  ; it  is  formed  of  portions 
fucceffively  round  and  concave,  and  the  two 
portions  which  approximate  reciprocally,  co- 
ver each  other  in  the  manner  of  fmall  fiâtes  ; 
this  appearance  is  called  the  fcaly  fracture;  thefe 
fpecies  of  concave  and  convex  feales  are  fome- 
times  broad  and  long,  fometimes  narrow,  round, 
elongated,  fuperficial,  hollow,  &c.  They  are 

met 
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met  with  in  the  different  kinds  of  flint,  jafpef, 
and  petro  filex.  • 

There  is  another  clafs  of  ftones  which,  when 
broken  into  fragments,  exhibit  in  the  furfaces 
newly  expofed,  a number  of  .mail,  jutting  out 
and  round  points,  firnilar  to  g ams  of  fand  worn 
by  waters.  This  form  is  called  the  granulated 
fraéture  ; it  may  be  very  eafily  obferved  in  grit- 
ftones.  The  coarfenefs,  the  finenefs,  the  varied 
furfaces  of  thefe  grains,  prefent  alfo  a confidera- 
bly  great  number  of  differences  which  may  be 
nfeful  to  ferve  as  the  diftinétive  charaéters  of 
many  ftones.  It  is  from  this  fpecies  of  fraéture 
that  the  figurative  name  pajle  is  fometimes  giv- 
en to  the  interior  part  of  ftony  matters  ; they 
are,  alfo,  fometimes  defcribed  under  the  name 
of  grains . 

There  are  a great  number  of  ftones,  the  broken 
furfaces  of  which  prefent  polifhed  fhining  plates, 
placed  fo  as  to  cover  each  other,  like  horizontal 
beds.  Moft  of  thofe  have  been  called  fpursi 
this  form  is  called  the  fparry  texture.  Thefe 
plates  differ  from  each  other  ns  to  their  extent, 
their  height,  their  thicknefs,  their  tranfparence, 
or  their  opacity,  their  horizontal  or  oblique  peti- 
tion, relatively  to  the  axis  or  the  diameter  of 
cryftallized  ftones  ; for  they  announce  a true 
cryftallization,  when  they  are  brilliant.  If  they 
do  not  poftefs  the  chatoyant  or  variable  fhining 
afpedt,  the  fraéture  which  they  form  is  merely  la - 
?nellated.  When  the  plates,  or  the  joints,  are  not 
continued,  but  confuted,  this  texture  is  named 

plated 
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plated  or  fcaly.  It  is  the  refpedtive  difpofttion 
of  thefe  plates,  fo  varied  in  the  gems,  the  calca- 
reous, vitreous,  and  heavy  fpars,  which  occa^ 
fions  the  fhining  chatoyant  afpedt  which  is  ob- 
ferved  in  talc,  feldt-fpar,  and  its  different  fpe- 
cies,  fuch  as  the  opal,  the  natural  avanturine, 
the  Labrador  hone,  &c.  Laftly,  fome  ft  ones 
prelent  a fine  and  clofe  grain,  with  a dull  or 
mat  appearance,  and  this  is  what  is  defcribed 
by  the  name  of  argil aceous  fra&ure. 

Some  authors  have  made  ufe  of  the  general 
form  combined  with  thefradture,  for  the  arrange- 
ment of  ftones.  Cartheufer,  in  1775,  has  given 
a fyftem  of  mineralogy  in  which  he  diftinguifhes 
ftones  into  lamellated,  fibrous,  folid,  and  granu- 
lated ; but  the  fradture  alone  cannot  ferve  for 
the  eftablifhment  of  a complete  method  of  lith- 
ology, and  it  is  neceffary  that  it  fhould  be  com- 
bined with  all  the  other  characters  which  are 
here  treated  of,  in  order  that  it  may  become 
truly  ufeful  in  lithological  diftindfions. 


Characters  taken  from  the  Chemical  Properties  of 

Stones. 

40.  I describe,  under  the  name  of  chemical 
properties  or  charadters  of  ftones,  all  the  phe- 
nomena which  they  prefent  when  treated  by  any 
procefs  which  changes  their  compofition,  which 
alters  their  natural  combination,  which  modi- 
fies, in  a word,  the  mode  of  union  of  their  prin- 
ciple;, 
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ci  pies,  cither  by  combining  them  other  wife  than 
they  were  in  their  earthy  compounds,  or  by 
feparating  them,  or  attempting  to  feparatethem 
in  fuch  a manner,  that  it  effects  a more  or 
lefs  complete  analyfis,  There  are  three  princi- 
pal effects  which  take  place  in  either  of  thefe 
actions,  and  which  mineralogifts  have  been  ac- 
cuftomed  to  borrow  from  chemiftry,  in  order  to 
affay  and  diftinguifh  ftones  from  each  other; 
namely,  the  adtion  of  heat  alone,  the  adtion  of 
heat  with  the  addition  of  fluxes,  and  that  of 
acids.  It  will  be  obferved,  that  the  chemical 
properties  which  are  treated  of  here,  are  only 
the  rapid  products,  or  the  almoft  inftantaneous 
refill ts  of  fome  eafy  and  quick  operations,  of 
fome  flight  effays  which  are  made  on  the  frag* 
merits  of  ftones,  fometimes  very  fmall,  which, 
though  they  may  conduce  to  the  knowledge  of 
thefe  foffil  compounds,  principally  as  to  their 
claffiii  cation,  are  far  from  giving  a fufficient  idea 
of  their  nature,  and  cannot  be  compared  with 
their  analyfis,  which  will  be  fpoken  of  hereafter. 


A.  The  Ad  ion  of  Heat  alone. 


41.  Stones  are  affayed  by  heat  in  two  man- 
ners, namely  by  healing  them  more  or  lefs  ftrong- 
ly  and  for  a long  time  in  crucibles;  this  method, 
which  can  only  be  employed  in  a laboratory, 
is  but  feldom  within  the  power  of  the  litholo- 
gift,  and  rarely  makes  ufe  of  it.  The  other 

procefs 
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proccfs  conflits  in  treating  them  by  the  blow* 
pipe,  an  ingenious  infiniment  from  which  Berg- 
mann  firfi  derived  great  advantage  in  the  ftudy 
of  minerals,  and  which  joins  to  the  convenience 
of  a fmall  fize,  and  to  the  facility  of  being  every 
where  tranfportable,  the  advantage  of  operating 
on  very  fmall  fragments,  of  expoffng  ftones 
to  the  action  of  a molt  violent  heat  relatively 
to  the  fmall  mafs  which  is  heated,  and  of  afford- 
ing  very  quickly  a refult  which  is  always  fit  if- 
factory,  and  almoft  always  contributes  to  the 
knowledge  and  the  determination  of  the  fpe- 
cies  of  the  individual  which  is  expofed  to  its 
action. 

42.  The  fragments  of  ftones  thus  treated, 
either  remain  perfectly  unalterable,  or  lofe  their 
hard  nefs,  their  tranfparency,  their  form,  their 
colour,  become  friable,  are  divided,  fplit,  fly 
alunder,  decrepitate,  or  melt,  vitrify,  boil,  re- 
main in  tranquil  fufion,  afford  glaffes  either 
white,  tranlparent,  opaque,  folid,  porous,  ca- 
vernous, fmooth,  coloured,  dark,  fhady,  ftriated, 
homogeneous,  &c.  All  thele  gradations  of 
phenomena  are  fo  many  means  of  difeovering 
and  of  eftimating  the  differences  of  ftones 
among  each  other,  and  mineralogifts  have  made 
great  ufe  of  it  fince  the  time  of  Bcrgmann. 


B.  A ü Ion  of-  Heat  zvith  Flu  xes. 

43.  The  ftones  are  a<ffed  on  very  differently  by 
heat,  with  the  addition  of  various  faline  mat- 
Vol.  IÎ  ' C c ters, 
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ters,  than  by  heat  alone.  The  principal  effect 
of  thefe  matters  being  to  affifl  their  fufion, 
they  are,  on  this  account,  named  fluxes.  Fre- 
quently a floue,  which  alone  does  not  prelent 
any  alteration  by  the  influence  of  heat,  is  more 
or  lefs  confiderably  affedted  when  heated  with  a 
fixed  alkali,  or  with  one  of  the  faits  which  will 
be  described  in  the  following  feed  on.  The  man- 
ner in  which  each  of  the  ftones  is  affected  when 


it  is  heated  with  different  fluxes,  its  fufion  more 
or  lefs  quick  or  flow,  eafy  or  difficult,  complete 
or  incomplete,  liquid  or  pally,  the  kind  of  mats 
which  refults  from  it,  opaque,  tranfparent,  vitre- 
ous or  enamelled,  fcorified,  or  denfe  and  com- 
pact, the  colour  which  it  principally  affects,  and 
which  almofl  always  depends  on  the  nature  and 
the  proportion  of  the  metallic  matters  which  it 
contains- — thefe  form  fo  many  ufeful  characters 
employed  by  mineraiogifts  to  dilcover  and  dif~ 
tinguiili  each  fpecies  of  the  feveral  compounds  ; 
and  when  the  external  characters  or  the  fenfible 

t ■ 

properties  do  not  fuffice  to  determine  with  ac- 


curacy the  fpecies,  this  addon  of  the  fluxes  em- 
ployed with  the  blow-pipe  is  frequently  ufeful 
to  that  determination  by  removing  doubts,, 
ejeftroying  uncertainties,  and  explaining  the 
nature  of  the  fpecies. 


C.  A Elion  of  the  Acids. 

44.  The  addon  of  the  acids  is,  in  general, 
very  weak  on  moft  ftones.  It  was  formerly 

thought 
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thought  of  ufe  in  charadterizing  them,  when  a 
number  of  faline  fubftances  were  placed  among 
thefe  bodies,  the  bafes  of  which  are  earths,  or 
acidiferous  earthy  bafes  as  the  modern  French 
mineralogies  have  named  them,  becaufe  a ftrong- 
er  acid,  by  driving  off  a weaker  from  thofe,  ordi- 
narily difengages  it  under  the  form  of  globules, 
and  with  a frothy  motion  called  effervefcence. 
But  it  is  no  longer  by  this  property  that  the  acids 
can  be  of  ufe  to  lithologifts,  fince  the  exadt  dif~ 
coveries  of  chemiftry  have  removed,  from  the 
clafs  of  ftones,  and  referred  to  that  of  faline  bo- 
dies; thefe  pretended  effervefcent  ftones.  There 
remains  then,  for  the  adtion  of  the  acids,  only  two 
effects,  or  rather  two  oppofite  phenomena  which 
they  produce  on  ftones  ; either  they  are  perfedt- 
ly  and  completely  unchan  gable  ; or  they  be- 
come more  or  Ids  quickly  deftroyed  and  dil- 
folved  by  thefe  agents.  Moft  frequently,  this 
laft  alteration  takes  place  only  in  the  courfe 
of  time,  permitting  the  acids  to  adt  ffowly  on 
the  itones  which  areimmerfed  in  them  : Whence 
it  follows,  that  this  ufe  of  the  acids  is  little  ad- 
vantageous to  lithologifts,  who  with  to  fee  an 
eftedt  which  can  be  quickly  appreciable./  It  is 
much  better  appropriated  to  the  analyfis  of 
ftones,  as  I fhall  explain  at  the  end  of  this  ar- 
ticle. 


Sec. 
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Section  Second. 

Concerning  the  Lithological  Methods  which  are  founded 

O O J 

on  the  Phyfical  Properties. 

4.5.  THOUGH  the  fenfible  differences  which 
exift  between  different  ftbny  foffils,  may  be  Ids 
numerous  and  lets  evident,  at  fi lit  fight,  than 
thole  which  are  obierved  between  the  fpecies 
of  organized  vegetable  and  animal  bodies,  yet 
when  we  examine  them  with  attention,  it  is 

7. 

evident  that  they  are  fometimes  fuftieiently  de- 
finite and  multiplied,  to  be  nfeful  in  difeovering 
and  diftino-uilliing  them.  This  was  accordins:- 
lv  the  firft  method  adopted  to  charaderife  and 
arrange  thefe  productions  of  nature.  The  firft 
notions  alio,  which  men  have  adopted  from  ne- 
ceffity  concerning  the  different  properties  of 
ftones,  may  be  regarded  as  the  early  Iketehes  of 
lithological  methods.  Tire  treatife  of  Theo- 
phraftus  on  ftoncs  is  a lketcli  of  this  deferip- 
tion. 

46.  In  the  time  of  Pliny,  ftones  were  even 
then  diltinguilhed  from  laits,  from  bitumens, 
and  from  metals  ; and  a divifion  into  four 
claffes  already  exifted.  The  eledric  property  of 
amber,  and  the  attradion  of  iron  bv  the  load- 
ft  one  were  known  : already  the  ftoncs  formed 
diftind  groupes.  rPbe  marbles  and  the  gems 
were  feparated  ; the  hard  and  the  foft  ftones. 

Pliny 
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Pliny  has  well  defcribed  the  form  of  cryftal, 
and  the  general  phenomenon  of  the  cryilalliza- 
tion  of  foifils  did  not  efcape  him.  Antiquity, 
ho  wever,  did  not  poifefs  one  true  notion,  nor 
one  pofitive  idea  of  the  methods  of  natural  hif- 
tory,  their  advantages,  and  their  necefiity. 

4 7.  It  was  in  the  eighteenth  century  alone 
that  the  denominations  of  kingdoms  in  natural 
bodies  was  adopted,  that  the  mineral  kingdom 
was  particularly  admitted,  that  mineralogicaj 
methods  were  imagined,  and  the  difti native  pro- 
perties or  characters  fought,  in  order  to  ciafs  and 
diftinguiih  the  different  fpeeies  of  ftones.  It 
was  natural  at  firfl  to  take,  for  thefe  characters, 
inch  properties  as  are  the  moft  apparent,  the 
moil  feniible,  and  the  moil  eafdy  obferved,-  and 
that  lithological  methods  in  particular  ihould 
be  founded  on  what  arc  called  external  charac- 
ters ; that  is  to  fay,  on  the  properties  which 
thefe  compounds  prefent  to  our  lentes,  without 
caufing  them  to  undergo  any  alteration  what- 
ever. 

48.  In  running  over  the  different  clailiiica- 
tions  of  minerals  propofed  fueceifively  by  Bro~ 
mcl,  Cramer,  Henckel,  Wolfterdorff,  Gellert, 
Cartheuler,  ' Jufli,  Lehman,  Vogel,  Scopoli, 
which  were  all  more  or  lefs  eftablifhed  on  the 
feniible  characters  which  the  eye  could  difeo- 
yer  in  thefe  bodies,  it  was  foon  known  that 
the  diitindtions  at  firft  admitted  would  be  in- 
fufficient  to  diftinguifh  them  without  error,  and 
that  they  were  more  adapted  to  approximate 
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difhmilar,  and  to  feparate  hmilar  fubftances  from 
each  other  ; or  to  confound  for  a long  time,  the 
fcience  of  regularly  arranging  thefe  compounds, 
with  the  art  of  merely  characterizing  them, 
or  merely  knowing  them  at  fight.  The  fame  error 
has  been  committed  as  in  all  the  other  parts  of 
natural  hiftory,  beçaufe  the  endeavour  to  afford 
means  of  dihinguithing  them  has  been  accom- 
panied by  an  attempt  to  combine  their  c.lahifi^ 
cation  and  arrangement  with  the  pretended  re- 
lations which  were  fought  for  between  them. 

49-  This  fmgular  pretenfion,  which  has  done 
much  injury  to  the  progrefs  of  the  fcience,  is 
exhibited  more  particularly  in  fome  lithological 
fyftems,  by  naturalihs,  who  confkler  hones  only 
with  regard  to  one  of  their  properties  ; they  have 
wifhed  to  draw,  from  this  fmgle  confideration,  an 
order  which  they  pretend  is  natural  for  their  re- 
lative difpofition,  and  a method,  which  they 
aflert,  is  eafy  to  dihinguifh  them  from  each 
other.  Such  have  been,  among  the  labours  of 
the  moh  ilhihrious  modern  mineralogihs,  the 
fyftems  of  Linnæus  and  of  Rome  de  Liflc. 
Thefe  two  able  naturalifts  have  ehablifhed  their 
claffification  as  w^ell  as  their  di  hindi  ions  between 
hones,  on  their  crystalline  form  alone.  The 
firh,'  guided  by  a philofophic  view,  indeed,  has 
given  only  an  im perfect  and  erroneous  f ketch, 
which,  without  being  ufeful  in  the  real  know- 
ledge of  hones,  lias  however  been  the  fouree  of 
the  create  ft  difeoveries  concern  inn*  cryhalliza-' 
tion.  The  fécond,  after  an  immenfe  labour  on 
the  cryhalline  forms  of  hones,  and  their  varie- 
ties, 
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ties,  has  fo  multiplied  the  diftin&ions,  the  fpe~ 
ci  es,  and  the  varieties,  that,  notwithstanding 
his  indefatigable  activity,  his  accurate  dclcrip- 
tions,  and  his  methodical  progress,  thofe  who 
have  followed  him  have  not  been  able  to  eon- 
fider  his  work  in  any  other  view  than  as  afource 
of  materials.  The  fate  of  thefe  two  fv  Items  has 
proved  that  a Angle  geometric  character  is  in- 
fufficient,  either  to  ciafs  hones,  or  fpecificallÿ 
to  defcribe  and  diftinguifh  them. 

50.  Inftrudted  by  the  infufficiency  of  this 
fyftemadc  courte,  and  guided  by  a light  lefs 
deceitful  and  uncertain,  other  able  mineralogifts 
have  happily  perceived  that  no  tingle  property 
can  be  of  uieto  eftablifh  real  diftinciions  among 
trônes  ; that  it  is  necetfary  to  diftinguilh  care- 
fully the  fyftcm  which,  by  common  characters, 
leeks  to  arrange  thefe  compounds  with  each 
other,  from  that  artificial  method,  of  which  the 
aim  is  to  teach  the  means  of  diftinguifhing* 
them  unequivocally  and  without  error.  They 
have  happily  affociated  and  compared  all  the 
apparent  or  fallible  properties  of  hones;  bJ 
oppofmg,  and  contrafting  them  with  each  other, 
they  have  ehablilLed  characters  proper  to  dif- 
tinguiili  thefe  bodies  ; they  have  given  a kind 
of  portrait,  by  dccompofing,  in  fomc  meafure, 
all  the  traits  of  their  physiognomy  ; and  their 
outlines,  which  have  the  ftrojigcft  refeniblance, 
arc  then  confidcrcd  as  anfwcring  the  intended 
purpofe.  Such  particularly  are  the  methods  of 
‘Wallerius,  and  more  efpecially  of  Daubenton 
gnd  W erner, 


51.  Thefe 
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51.  Thefe  two  laft  mineralogifts  have  efpecially 
availed  themfelves  of  the  hardnefs,  the  brittle- 
nefs,  the  trarfpareney,  femi-tranfparency,  or 
opacity,  the  form,  fracture,  grain,  colour,  appa- 
rent texture,  the  furface,  whether  dull,  fmooth, 
bright,  chatoyant,  the  difpofition  of  the  la^* 
minæ,  the  direction  of  the  plates,  diffeclion,  elec- 
tricity or  magnetifm,  appearance  and  colour  of 
the  produce,  fpecihc  gravity,  &c.  ; in  a word, 
of  all  the  properties  which  can  fall  under  the 
fenfes,  and  are  not  calculated  to  produce  error 
or  uncertaintv. 

52.  But,  however  advantageous  this  method 
of  characterizing  ftones  may  be,  which  is  evi- 
dently reducible  to  a clear  analyfis  of  their  phy- 
fical  properties,  whatever  may  be  the  facility  it 
affords  of  diftinguifhing  each  kind  of  ftone  by 
reducing  it  to  its  juft  value,  we  muft  by  no 
means  forget  that  it  cannot  be  applied  for  dif- 
pofing  thefe  compounds  in  a natural  order  ; 
that  it  will  never  ferve  to  indicate  their  inti- 
mate nature  or  competition  ; that  it  is  not  capa- 
ble of  anfwering  its  own  peculiar  objetd,  unlefs 
a faithful  enumeration  of  all  the  properties  of 
each  individual  ftone  be  given  ; and  that  other- 
wife  we  IL  Quid  conftantlv  be  in  danger  of  con- 
founding  the  ftony  compounds  with  faline  or 
metallic  matters,  as  has  happened  with  the  m.oft 
Jfkilful  nomenelators  ; and  that  the  method  muff 
conlequently  be  confidered  only  as  an  approxi- 
mation, It  is,  in  fabf,  a table  by  the  help  of 
which  we  may  find  the  objebf  intended  to  be 
ftudied  ; but  which  can  never  difpenfe  us  from 
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the  neceftity  of  inveftigating  the  properties  and 
intimate  nature,  if  we  are  defirous  of  knowing 
the  body  we  examine,  and  particularly  to  de~ 
termine  the  nies  to  which  the  ftones  may  he 
fuccefsfully  applied. 


Section  Third. 

Concerning  the  Lithological  Si/flems  founded  on  the 
Nature  or  the  Compofition  of  Stone. 

\ 

53.  IT  was  undoubtedly  hecaufe  the  ftudyof 
the  phyfical  properties,  or  the  external  charac- 
ters of  ftones  foon  convinced  lithologifts  that 
thefe  properties,  far  from  conducing  to  the 
cxa6t  knowledge  of  foffds,  were  only  capa- 
ble of  giving  falfe  ideas,  and  producing  errors 
refpedting  their  compofition  ; that  feveral  au- 
thors adopted  the  project  of  claffmg  them  ac- 
cording to  their  combination  or  their  intimate 
nature.  Cronftcdt  is  the  fir  ft  who  executed 
this  plan,  and  who  propofed  to  eftablifh  diftinc- 
tions  between  ftones  founded  on  the  nature  and 
proportion  of  their  conftituent  principles, 

54.  This  happy  thought,  which  forms  the 
only  real  foundation  and  folid  bafts  of  lithology  ; 
which,  from  the  mere  art  or  the  routine  of  dif- 
tinguiihing  and  naming  them,  elevates  it  to  a 
true  fcience  ; this  happy  thought,  ftnee  the  time 
of  that  firft  Swediih  mineralogift,  who  has  traced 
a fketch  of  it,  has  much  engaged  the  attention 
of  chemifts,  who  have  fuccefftvely  contributed 

to 
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to  extend,  to  improve  and  to  complete  it  ; and 
this  great  labour  is  not  yet  terminated,  not- 
withftanding  the  numerous  refearches  which 
have  been  made,  without  intermiffion,  lince  the 
time  of  Cronftedt.  It  is  to  the  feries  of  ana- 
Ivies,  made  lince  the  middle  of  the  eighteenth 
century,  for  the  analyfis  of  ftones,  and  for  the 
continuation  of  a true  lithological  fyftem,  that 
we  owe  a great  many  difcoveries  ; by  the  aid  of 
which  the  opinions  of  mineralogifts  have  been 
gradually  rectified,  and  a number  of  faline  or 
acidiferous  metallic  fubftances  removed  from 
the  clafs  of  ftones. 

55.  The  courfe  firlt  opened  by  Cronftedt  lias 
been  fin  ce  followed  with  great  fuccefs  by  Berg- 
mann,  by  M,  Kir  wan,  and  by  De  Born.  Thefe 
illuftrious  philofophers,  by  carrying  the  light  of 
chemiftry  into  the  ftudy  of  minerals  in  general, 
and  of  ftones  in  particular,  have  eftablifhed  li- 
thological fyftems,  in  which  the  ftones  are  an 
ranged  according  to  the  principal  earths  pre- 
doitiinant  in  each.  Thus  it  will  eaftly  be  con- 
ceived that  it  is  poftible,  by  taking  for  the  che- 
mical character  the  earthy  matter  moft  abundant 
in  ftones,  to  form  of  them  as  many  genera  as 
there  are  earths,  which  may  in  effect  conftitute 
their  bafe  ; thus  we  may  underhand  what  Berg> 
maim  and  Kirwan  have  denominated  the  filiceous^ 
aluminous,  magneftan,  calcareous,  and  baritic 
genera.  We  may  advance  further  than  they, 
in  thought,  by  admitting  as  poftible  the  zirçone, 
glucinç  and  ftrontian  genera* 
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56.  A defect,  not  to  fay  an  error,  which  fome 
able  mineralogists  have  not  been  able  to  avoid, 
becaufe  they  liave  permitted  themfelves  to  be 
led  by  the  habitual  opinions  of  thofe  who  have 
preceded  them,  and  becaufe  they  have  not  con- 
fined their  progrefs  within  tlie  fevere  limit  which 
method  imperionlly  prefcribes,  at  prefent,  to 
thofe  who  follow  it,  is,  that  they  have  con- 
founded among  the  hones,  by  thus  taking  for 
the  type  of  each  genus  a particular  earth,  the 
greater  part  of  the  faline  compounds  which  the 
modern  mineraiogihs,  enlightened,  .indeed,  by 
the  ftridfc  analyfes  which  have  been  lately  made, 
arrange  in  a clafs  apart  from  their  fyftcm  under 
the  name  of  acidiferous  fubftances  ; and  it  will 
be  feen  hereafter  that  it  is  hill  more  immedi- 
ately neceffary  to  feparate  thefe  bodies  from 
hones  in  a treat ife  of  chemiftry. 

57.  The  lithological  fyftems  which  are  here 
confidered,  mult  hill  be  regarded  only  as  at- 
tempts, becaufe  the  analyhs  of  hones  is  very 
far  from  being  carried  fo  far  as  to  enable  us  to 
compare  the  nature  of  each  of  them,  and  con- 
fequently  to  difpofe  them  all  in  a determinate 
feries  by  the  order  of  their  competition.  It  is 
for  this  reafon  that,  notwithhanding  the  efforts 
of  the  three  authors  here  mentioned  among  the 
moderns,  there  is  not  yet  any  relation,  or  con- 
nection between  the  received  notions,  the  names 
given  to  ftony  compounds,  and  the  nature  of 
thefe  foffils  which  is  hill,  in  many  inftances, 
only  in  part  known. 
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58.  If  we  compare  the  lithological  ly  (terns, 
founded  on  the  competition,  and  the  appreciated 
nature  of  (tones,  with  the  methods  derived  from 
the  phyfical  properties, — while  we  obierve  that 
the  former  are  alone  capable  of  affording  a 
true  notion  of  there  productions  from  the  na- 
ture, as  well  as  from  the  laws  which  it  follows 
in  their  formation,  their  changes,  and  the  for- 
mation of  their  varieties, —it  will,  neverthelefs, 
be  feen  that  thefe  fyflems  can  never  fupply  tire 
ufes  of  the  firft  methods  ; that  they  will  never 
afford  the  means  of  diftinguhhing  ftones  from 
each  other  by  infpeélion,  or  of  teaching  to  de- 
termine their  fpeeies  by  the  eye  ; and  hence  that 
thefe  two  kinds  of  confiderations  ought  to  be 
affociated  with  each  other  to  complete  the  re- 
gular fyftem  of  the  claffifi cation  of  ftones,  and 
the  proper  method  of  knowing  them.  Spell  is 
the  proceeding  adopted  in  the  a6tual  flate  of 
mineralogical  feience  ; a courfe  of  which  it  will 
he  ufeful  to  exhibit  a (light  |ketch  in  this 
place. 

Section  Fourth. 

Concerning  the  Diftinttion  of  Stones  admitted  in  thefe 
latter  Times  by  the  French  Mineralogical  Schools. 

59.  THE  number  of  foffds  which  were  com- 
prehended in  the  clafs  of  ftones,  being  formerly 
much  more  confiderable,  genera  and  fpeeies  were 
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eftabliihed  in  this  order  of  fubftances  ; and  this 
diftribution  was  founded,  fometimes  on  the  in- 
timate nature  or  the  chemical*  properties,  fome- 
times on  the  apparent  or  phylical  properties 
only,  fometimes  even  on  both  jointly.  At  pre- 
fen t,  as  the  new  order  adopted  in  mineralogy 
excludes  from  the  number  of  ltones  all  the 
earths  or  bales  in  general  that  contain  acids, 
and  p refents  thefe  in  particular  under  the 
name  of  acidiferous  fubftances,  the  French  mi- 
neralogifts  do  not  regard  as  real  ftones,  nor 
comprehend  under  that  denomination  any 
earthy  fubftances,  except  pure  affemblages  or 
combinations  of  earths.  Hence  the  number  of 
thefe  natural  combinations,  which  conllitute 
ftones,  are  found  to  be  fo  diminilhetf,  that  it  is 
no  Ion srer  necelfarv  to  eftablifh  genera  among: 

O v co  o 

them,  nor  all  the  diftin&ions  which  were  for- 
merly indifpenfable. 

60.  It  is  for  this  rcafon  that,  in  tlie  laft  me- 
thod adopted  by  tire  School  of  Mines  de  France, 
and  prefen  ted  by  Citizen  Haiiy,  in  the  Extract 
from  his  Elementary  Treatife  of  Mineralogy,  the 
number  and  the  proportions  of  the  earths  elfen- 
tial  to  each  of  thefe  fubftances,  not  having  been 
yet  fufficiently  explained  by  analylis,  this  phi- 
lofoplier  prefents  merely  a feries  not  fubdi- 
vided  into  genera,  and  limply  avails  himfelf, 
in  the  arrangement  of  that  feries,  of  the  rela- 
tions or  the  differences  of  nature,  which  can 
be  eftimated  by  obfervation  between  the  fub- 
i tances  which  conftitute  it. 
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61.  According  to  this  proceeding,  he  has  dif* 
tinguifhed  forty-five  fpecies  of  compound  earthy 
fubftances,  or  of  ftones  under  names  partly  old 
and  partly  new  ; thefe  la  ft  being  founded  on  the 
beft  known  properties  of  thefe  bodies.  The 
forty-five  fubftances  are  fucceffively  placed  in 
the  following  order  : 


I ft, 

Quartz. 

24th, 

Smaragdite 

2d, 

Silex. 

25  th, 

Oifanite. 

3d, 

Zircone. 

26'th, 

Dioptafe. 

4 tli, 

Tele  fia. 

27th, 

Lazulite. 

5 th, 

Cymophane. 

28  th, 

Zeolite. 

6th, 

Ruby. 

29th, 

Stilhite. 

7tli, 

Topaz. 

30th, 

Prehnite. 

8th, 

Emerald. 

31ft, 

Ch  abolie. 

9th, 

Euclafe. 

32cl, 

An  al  ci  me. 

10th, 

Garnet. 

33d, 

Sommité. 

1 1 th, 

Leu  cite. 

34th, 

And  redite 

12  th, 

Idocrafe. 

35th, 

Peridot. 

13  th, 

Feldt-fpar. 

36th, 

Mica. 

14th, 

Petro-filex. 

37th, 

Cianite. 

1 5th, 

Corindon. 

38th, 

Tremolite. 

16th, 

Ceylanite. 

39th, 

Le  uc  dite. 

17th, 

Axinite. 

40th, 

Dipyre. 

18  th, 

Tourmaline. 

41ft, 

Afbeftos. 

19  th, 

Amphibole. 

42d, 

Talc. 

20  th, 

Aélinote. 

43d, 

Chlorite. 

21ft, 

Pyroxene. 

44th, 

Made. 

22d, 

Staurotide. 

45  th, 

Argil. 

o 

23d,  Thallite. 

We  will  proceed  to  give  a fhort  notice  of  each 

of 
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of  tliele  earthy  fubftances,  and  of  their  fpecific 
characters. 

d2.  Quartz  : a hard  fcintillant  ft  one,  Scratch- 
ing* glafs,  with  a brilliant  undulated  vitreous 
fracture,  having  double  refraction  in  its  trans- 
parent varieties,  the  primitive  form  or  the 
nucleus  of  which  is  the  pyramidal  dodeca- 
hedron, and  the  integrant  particle  the  irregular 
tetrahedron,  very  hard  and  difficult  to  cut,  re- 
ceiving a beautiful  polilli,  infufible  and  incom- 
buftible,  phofphofefcent  by  rubbing,  the  fpe- 
cific gravity  of  which  is  between  25813  and 
20701.  ’ It  is  named  rock  cryftal  when  it  is  un- 
der a regular  form  ; it  prefents  a great  number 
of  varieties  in  its  forms,  its  colours,  and  the  mix- 
tures of  metallic  oxides.  The  names  of  its  prin- 
cipal varieties,  are  either  the  denominations 
from  the  colours  fubftituted  inftead  of  the  old 
names,  fuch  as  red  quartz  inftead  of  the  hyacinth 
of  Compoftella,  the  ruby  of  Bohemia  and  the 
Sinople;  violet  quartz  inftead  of  the  amethyft, 
blue  quartz  inftead  of  the  water  fapphire,  yellow 
quartz,  inftead  of  the  occidental  topaz,  green 
inftead  of  prafe,  & c.  ; or  they  exprefs  the  rela- 
tions of  fur  faces,  or  apparent  figure,  fuch  as  thofe 
of  the  primitive  rliombiferous,  plagihedral  and 
lenticular  quartz  ; or  accidents,  or  mixtures, 
fuch  as  the  words  milky,  fmoky,  iridefeent, 
m i c ae  eou  s,  amy  an  t lie  an. 

The  grits  are  removed  from  the  fpecies  of 
quartz,  becaufe  they  are  aggregates  of  agglu- 
tinated fragments,  fpecies  of  breccias,  or  pud- 

ding 
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ding-ftones,  which  ought  not  to  be  reckoned 
among  primitive  (tones. 

The  moft  abundant  component  part  of  quartz 
is  filex  ; it  is  found  united  frequently  with  a 
little  alumine,  and  fometimes  with  iron,  or 
fome  other  metallic  oxides, 

Befides  the  ornaments  and  the  jewels  to  which 
thele  rare  and  beautiful  varieties  of  quartz  are 
appropriated,  its  common  varieties  are  applied 
to  a number  of  different  purpofes. 

63.  Sileæ  : a bard  (tone  always  opaque,  or 
very  (lightly  tranfparent,  more  or  lefs  coloured, 
fcratching  glafs,  and  fometimes  quartz,  fpccific 
gravity  between  2,4  and  2,6,  fc  inti  liant,  never 
cryftallized,  of  a texture  frequently  vitreous, 
fometimes  fcaly,  conchoïdaî,  or  undulated.  The 
agates,  and  the  jafper  in  which  the  filiceous  mat- 
ter is  mixed  with  clay  and  oxide  of  iron,  which 
renders  it  a conductor  of  electricity,  are  now 
eonfidered  as  varieties  of  this  fpecies.  The 
principal  varieties  of  fdex  are,  the  common 
flints  of  chalk-pits,  the  light-coloured  pebble, 
or  gun-flint,  grinding- (tone'  or  rotten  quartz, 
calcedony,  the  opal,  hydrophane,  cacholong,  the 
cornelian,  the  fardonyx,  the  chryfoprafe,  the 
agate  onyx,  the  eyed,  herborized,  (haded,  veined, 
frothed  pebble  and  agate,  the  heliotrope,  jafper, 
the  enhydrias,  the  pechftein,  or  refin iform  filex, 
the  meuilite  or  pechftein  of  Menil-Montant, 
the  red,  green,  blood-coloured,  and  party-co- 
loured jafpers.  Analyfis  has  exhibited  more 

mixture 
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mixture  in  filex  than  irr  quartz,  and  particular- 
ly  more  of  the  metallic  oxides. 

The  varieties  of  filex  are  cut  and  polifhed  to 
form  hard  jewels  and  ornaments.  They  are  of 
ufe  for  obtaining’  fire  by  the  ftroke  of  fteeL 
Mullers,  mortars,  and  other  untenfils  are  made 
of  it. 

12.  The  z ircone:  a hard,  fcintillant,  trans- 
parent hone,  fufceptible  of  a beautiful  polifh, 
Scratching  quartz  though  with  difficulty,  hav- 
ing’ a Strong  double  refraction,  of  which  the  Spe- 
cific gravity  is  between  4,2  and  4,3,  and  even 
as  far  as  4,3858  ; its  primitive  form  is  an  octa- 
hedron with  ifoceles  triangular  faces,  which  is 
parallelly  Subdivided  into  ifoceles  triangular 
faces,  that  pafs  through  the  perpendicular  of 
the  triangles,  and  the  form  of  the  integrant  par- 
ticles is  a tetrahedron.  Though  this  Species 
includes  the  two  ftones  which  are  named  hya- 
cinth and  jargon,  the  firfl  is  itfelf  defcribed  un- 
der the  name  of  jargon  : we  fay  the  jargon  hya- 
cinth, and  the  jargon  of  Ceylon.  It  appears 
that  this  name  is  derived  from  its  refemblance 
to  the  diamond,  which  it  Seems  to  refemble,  as 
the  jargon,  in  falfe  language,  refembles  elo- 
quence. Thefe  Species  of  ftones  fhft  afforded 
and  Still  exclufively  afford  the  earth  which  is 
named  zirconc  ; becaufe  the  jargon  is  called  the 
zircone  at  Ceylon.  The  following:  varieties 
were  discovered  by  Citizen  Haiiy,  either  in  the 
Specimens  of  France,  particularly  thofe  of  \h e 
brook  of  Expailly,  or  in  thofe  of  Ceylon. 

Vox.  IL  D d a.  The 
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a.  The  primitive  zircon e,  or  octahedron,  the 
form  of  the  integrant  particles  of  which  appears' 
to  be  the  tetrahedron  from  Expailly. 

b.  The  dodecahedral  zircone,  having  four 
hexagonal  planes,  with  fummits  of  four  rhom- 
boklal  faces,  the  ordinary  form  of  the  hyacinths 
of  Expailly,  of  Ceylon,  & c. 

c.  The prifmatic  zircone ; the  primitive  form 
augmented  by  a prifm  which  feparates  the  two 
pyramids;  it  is  that  of  the  jargons  of  Ceylon 
properly  fo  called. 


d.  The  amphi- octahedral  zircone;  eight  planes 
furrounding  the  prifm,  and  eight  faces  to  the 
two  fummits  ; hyacinth  of  a greenifli  yellowy 
named  chryfolite  of  Ceylon  by  fome  natu- 
ral Ht  s. 

e.  The  zonary  zircone  : facets  forming  a 
zone  round  the  prifm. 

f.  The  plagihedral  zircone  : triangular  facets, 
fituated  flopingly  and  bearing  two  againft  two  : 
jargons  of  Ceylon. 

g\  The  quadruple  zircone;  a cry  Sal  with 
thirty-two  faces,  a number  quadruple  of  thole 
of  the  primitive  nucleus. 

b.  Five  other  varieties  according  to  the 
limpidity,  or  the  aurora  red  mixed  with  brown, 
the  reddiih,  the  yellowilh,  and  the  greeniUi  co- 


lours of  this  Hone. 

The  jargon  is  a natural  compound  of  zircone, 
of  filex,  and  frequently  oxide  of  iron.  Its  fpe- 
ci.es  are  only  of  nib  as  ornaments  ; they  are 
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reckoned  among  the  precious  hones,  or  cryhal- 
line  gems. 

13.  The  telejia  : this  new  name,  of  Citizen 
Haiiv,  which  implies  a perfect  ftone,  is  given 
to  three  of  the  moft  beautiful  hones,  which  were 
formerly  comprehended  among  the  precious 
hones,  or  gems,  namely,  the  ruby,  the  fapphire, 
and  the  oriental  topaz  of  the  lapidaries  ; becaufe 
thefe  tliree  hones  are  of  the  fame  fpeeies,  or 
approximate  each  other  in  all  their  properties, 
and  particularly  in  their  hardnefs,  their  fpecihc 
gravity,  form,  and  inalterability.  The  cele- 
brated mineraloo’ih  already  mentioned,  at  firft 
named  this  fpeeies  oriental  ; it  is  one  of  the 
hardeft  and  moft  tranfparent  of  hones.  It  cuts 
all  the  other  ftony  fubftances.-  Its  fp.  weight  is 
from  3,9911  to  4,2833;  its  refraction  is  fitnple. 
There  are  reckoned  at  leah  eight  varieties; 
fome,  derived  from  the  form,  and  named  primi- 
tive, elongated , minor , enneagonal  ; others  from 
their  clear,  red,  blue,  or  yellow  colour.  The 
moh  frequent  form  is  a dodecahedron,  or  two 
hexahedral  pyramids  united,  or  elfe  a prifm 
having  lix  regular  tides,  of  which  the  fe étions, 
parallel  to  the  bales,  are  alone  very  perceptible  : 
this  is  the  primitive  form.  That  of  the  inte- 
grant particles  is  an  equilateral  triangular 
prifm.  Sometimes  thefe  hones  are  found  cryf- 
taliized  of  two  or  three  colours  in  the  fame 
piece.  Frequently  the  teleha  is  rounded.  It  is 
met  with  in  the  kingdom  of  Pegu;  fome  very 
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fmall  fpecimens  are  alfo  found  in  the  brook  of 
Expailly. 

The  blue  telefia  exhibits,  by  ’ analyfis,  an 
enormous  quantity  of  alumine,  nearly  0,99- 
The  metallic  oxide  which  is  found  in  the  co- 
loured varieties,  is  only  accidental  to  it,  and 
merely  reprefents  the  deficiency  of  the  proper 
matter  of  the  ftone.  Its  ufe  is  almoft  entirely 
in  ornaments,  and  jewels  jewrels  or  bafes  for 
the  pivots  of  watch-work  are  made  of  it. 

14.  The  cymophane  : this  name,  which  ligni- 
fies undulating  light , has  been  given  by  Citizen 
Haiiy  to  a ftone  which  approaches  to  the  telefia, 
but,  however,  differs  from  it  fufficiently  to  form 
a peculiar  fpecies.  Its  name  is  derived  from  its 
prefenting  milky  reflections,  mixed  with  bluifli 
gleams  iffuing  from  its  interior,  and  arifng,  as 
it  would  appear,  from  a flight  reparation  between 
Its  plates. 

This  ftone  has  been  falfely  regarded  as  a 
chryfolite  by  the  jewellers  ; fome  naturaliffs 
have  clelcribed  it  by  the  name  of  opaline  chry- 
folite , but  it  differs  too  much,  in  its  liardnefs, 
its  form,  and  its  weight,  from  the  chryfolite 
(which  is,  at  prefen t,  referred  to  its  true  fpecies, 
that  of  the  phofphate  of  lime,  according  to  the 
difcovery  of  Citizen  Vauquelin),  to  be  con- 
founded with  it.  The  name  of  chryfo-beril , or 
of  beril  of  golden  yellow,  which  M.  Werner  has 
given  to  it,  expreffes  a colour  which  it  never 
lias,  and  a relation  with  the  beril,  or  emerald, 

which 
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which  docs  not  really  exift.  The  following  are 
the  diftinétive  properties  of  the  cymophane. 

Its  colour  is  frequently  of  a yellowifti-green, 
or  the  green  of  afparagus,  fometimes  approach- 
ing  the  yellowifli-brown.  Its  milky  and  bluifh 
reflexions  iffue  from  its  interior,  and  are  on  a 
plane  parallel  to  one  of  the  faces  of  the  cryflal; 
it  has  a fingle  refraction  ; its  fpecific  gravity  is 
3,79b  1 ; it  marks  glafs  ftrongly.  Its  moft 
common  cryftalline  form  is  an  oXahedral  prifm, 
with  fummits  having  four  trapeziums  and  two 
reXangles.  Its  primitive  form,  as  well  as  that 
of  its  integrant  particle,  is  a reXangular  paral- 
lelopipedon.  It  appears  that  a variety  described 
by  Emmerling,  and  the  formation  of  which 
has  been  appreciated  according  to  a particular 
law  of  decreafe  by  Citizen  Haiiy,  prefents  a 
regular  hexahedral  prifm,  the  bafe  of  which 
exhibits  elongated  hexagonal  tables,  having 
equal  angles,  indicated  by  the  fir  ft  of  Lhefe  na- 
tural iffs.  There  is  a third  variety,  where  the 
prifm  has  twelve  fides,  four  of  its  edges  being- 
replaced  by  two  elongated  facets  by  virtue  of 
a decreafe  by  three  rows  in  height,  and  by  four 
in  breadth.  The  calculation  from  the  known 
forms,  as  well  as  the  undulated  texture,  which 
the  plates  prefent  in  two  directions,  perpendicu- 
lar to  each  other,  give  for  the  primitive,  or 
middle  form  of  the  cymophane,  aright  quadrila- 
teral prifm,  the  faces  of  which  form  right  angles. 

The  cymophane  is  diftinguifhed  from  the 
telefia,  to  which  it  approaches  in  hard  nefs,  by 
its  fpecific  gravity  which  is  a little  lefs,  and  by 
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its  moil  common  forms,  and  of  its  joints  which 
arefenfibly  parallel  to  the  lateral  faces  ; whereas 
in  the  telefia,  the  joints  are  parallel  to  the  bafe  of 
the  prif ;u  ; the  re  it’ et  ions  which  fometimes  take 
place  as  well  in  the  telefia  as  in  the  cymophane, 
follow/  the  fame  variety  of  directions  as  the  join- 
ing of  the  plates. 

M.  Klaproth  has  found  in  the  cymophane 
much  alumine,  with  a little' lime,  fdex,  and  very 
little  oxide  of  iron. 


The  cymophane  has  not  yet  been  employed 
except  as  a jewel.  It  is  not  much  valued  among 
lapidaries,  on  account  of  its  cloudinefs  which 
almofi  deftroys  its  tranfpareney.  It  comes  from 
Brazil,  and  from  Ceylon  ; it  is  afferted  that  it  is 

alfo  found  near  Nertfchinfk  in  Siberia. 

* • \ 

15.  The  ruby  : there  are  only  the  two  fpecies 
of  ftones  formerly  named  fpinelle  ruby,  and  ba- 
lais ruby  which  belong  at  prefent  to  this  order  ; 
this  ft  one  differs  much  from  the  oriental  ruby, 
or  the  red  variety  of  the  telefia  with  which 
it  lias  been  confounded,  and  of  w hich  it  has 
been  regarded  as  a variety.  The  ruby  weighs 
between  3,6458  and  3, 7600.  Its  hardnefs  is 
Rich  that  it  deeply  and  eafily  marks  quartz,  and 
itfelf  is  fcratched  only  by  the  telefia  ; its  tex- 
ture is  vitreous  ; its  refraCtion  Ample.  Its  pri- 
mitive form  is  the  regular  odlahcdron,  which  is 
frequently  found  in  this  Rone,  but  with  flight 
variations  ; the  form  of  its  integrant  molecule 
is  the  re  y war  tetrahedron.  There  are  reckon- 
ed  feveral  varieties  of  form  and  colour;  name- 
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ly,  for  the  form,  the  primitive  ruby,  the  emar- 
ginated,  the  hemitrope;  for  the  colour,  the 
fpineile  ruby  of  a brilliant  red,  the  balais  ruby 
of  a pale-rofe  colour,  the  blue  ruby,  or  fapphire 
of  the  Germans,  the  orange  ruby  named  ver- 
million  bv  the  lapidaries. 

Its  anaiyfis,  which  p relented  to  Citizen  Vain 
quelin,  as  welt  as  to  M.  Klaproth,  a great 
quantity  of  alumine  but  no  filex,  and  only  a lit- 
tle magnefia,  has  exhibited  alfo  the  prefence  of 


the  new  metal  which  he  has  difcovered  in  red 
lead,  and  alfo  in  the  ftate  of  chromic  acid  as  it 


is  in  this  la  ft.  This  acid  produces  its  red  co- 
lour ; fo  that  this  ft  one  is  a chromate  with  a 


great  excefs  of  alumine. 


The  ufe  of  the  ruby  is  limited,  on  account  of 
its  rarity  and  its  finall  bulk,  to  jewels,  and 


watch- work. 

16*.  The  topaz  : the  fpecific  name  of  topaz  is, 
at  p refen t,  given  to  ftones  very  different  from 
what  was  formerly  named  the  oriental  topaz, 
and  which  is  a telefia,  as  has  been  feen.  The 
actual  topaz,  or  that  properly  fo  called,  now  in- 
cludes thofe  of  Brazil,  of  Saxony,  and  of  Si- 
beria. The  name  of  topaz  is  derived  from  an 
ifland  where  the  ftone,  fo  called  by  the  ancients, 
was  found. 


The  fpecific  characters  of  this  ftone  eonfift  in 
its  weight,  which  lies  between  3,531  J to  3,5642  ; 
its  hard  nefs  is  fuch  that  it  feratehes  quartz,  and 
is  itfelf  fcratched  by  the  ruby;  its  double 
tefradtion ; its  electricity,  vitreous  on  the  one 

fide. 
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fide,  and  refinous  on  the  other,  excitable  by 
heat  in  thole  called  Brazilian  and  Siberian  to- 
pazes ; its  undulated  and  vitreous  brilliant  frac- 
ture longitud  inally  ; its  primitive  form,  the  fame 
with  that  of  its  integrant  molecule,  confiding  in 
a right  prifm  with  rhombic  bafes,  the  great  an- 
gle of  which  is  124°  22',  and  in  which  the  fee- 
lions,  parallel  to  the  bafes,  are  alone  clear  and 
very  fenfble.  It  is  infufble  by  the  blow-pipe  ; 
it  becomes  red  or  colon  riels  when  heated  in  a 
crucible. 

According  to  the  lad  analyfs  of  the  Saxon 
topaz,  made  by  Citizen  Vauquelin,  it  contains 
much  alumine,  and  a little  lefs  than  half  as  much 
of  flex. 

The  varieties,  which  Citizen  Haiiy  has  de- 
fended, are  eight  in  number,  according  to  its 
form  ; namely,  the  amphioBahedral  topaz,  hav- 
ing eight  vertical  faces  between  two  pyramids 
with  four  faces  ; the  cuneiform , having  a fum~ 
mit  in  the  form  of  a wedge  ; the  monojlic  with 
one  terminal  face  perpendicular  to  its  axis  ; the 
duodenary , prefenting  twelve  faces  on  the  con- 
tour of  its  prifm  ; the  diflic , prefenting  two  rows 
of  oblique  facets  ; the  dijjlmilar , in  which  the 
inferior  row  of  oblique  facets  has  four  more 
in  number  than  the  fuperior;  the  cylin  droid  hav- 
ing a prifm  deformed  by  roundings  and  longi- 
tudinal grooves  ; the  rounded  worn  by  water. 

He  announces  ten  varieties  by  the  colours  ; 
the  clear  topaz  of  Siberia  ; the  yellow  topaz  of 
Saxony  and  of  the  Brazils  ; the  JaJfr  on-yellow 

topaz 
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topaz  of  India  ; the  reddijh-yellozv  topaz  rubicel 
or  rubacel  ; the  greenijh-yellow  topaz,  the  chry- 
solite of  Saxony  ; the  greenijh-blue  topaz,  the 
aqua  marine  of  Daubenton,  of  Briffon,  the  Bra- 
zilian fapphire  of  de  Lifie  ; the  red  topaz,  the 
Brazilian  ruby,  or  balais  ruby  of  the  lapidaries; 
the  milky  topaz. 

Laftly,  the  fame  naturalift  admits  three  other 
varieties  founded  on  the  tranfparence,  namely, 
the  tranfparent  topaz,  the  femi-tranfparent  and 
the  opaque  topaz  ; which,  in  all,  form  twenty- 
one  varieties. 

The  beautiful  varieties  of  this  hone  are  ufed 
in  jewellery  ; but  they  are  never  of  any  great 
price  in  commerce.  It  appears  that  the  topazes 
of  Brazil,  heated  till  they  become  red,  are  fre- 
quently fold  and  ufed  under  the  name  of  rubies 
of  Brazil. 

17.  The  emerald : the  beautiful  green  colour 
of  the  emerald  which  has  been  given,  for  a long 
time,  as  an  elfential  character  of  that  hone,  and 
its  lively  elfe <51,  have  caufed  it  to  be  regarded, 
in  all  times,  as  one  of  the  moft  magnificent  pro- 
ductions of  nature.  Its  phyfical  characters  are 
a fpecific  gravity  from  2,7227  to  2,77*55  ; hard- 
nefs  fufiicient  to  fcratch  quartz,  though  it  may 
be  fc  rat  died  by  the  telefias  ; a double  refraction 
which  ceafes  to  take  place  when  one  of  the 
faces  of  the  réfringent  angle  is  perpendicular  to 
the  axis  of  the  cryfials  ; a very  fenfible  electric 
property  by  rubbing.  Its  geometric  characters 
are  the  primitive  form  of  the  regular  hexahedral 

prifm, 


410 


CLASSIFICATION  OF  STONES. 


prifm,  and  an  equilateral  triangular  prifm  for 
the  integrant  particle.  Laftly,  its  chemical  cha- 
racters are  a perfect  unalterability  in  a moderate 
heat,  or  a change  to  a bluifh  tinge  in  a ftronger 
fire,  fufibility  by  the  blow-pipe  into  an  opaque 
grey  or  whitifh  glals,  in  which  greenifh  or  bluilh 
points  frequently  remain. 

The  number  of  its  varieties  is  very  con  fid  éra- 
ble. Five  principal  ones  are  deduced  from  the 
form  ; namely,  the  primitive  emerald,  or  liexa- 
hedral  prifm,  which  alfo  varies  by  the  regular, 
irregular,  and  alternate  inequality  of  its  fix 
tides  ; the  perido decahedral  emerald,  formed  of 
twelve  equal  or  unequal  faces  ; the  blunted  eme- 
rald, the  rhombeolar , and  the  fymetric  eme- 
ralds, the  edges  and  angles  of  which  appear  to 
be  truncated,  or  are  replaced  by  facets  different- 
ly configured  and  arranged. 

The  colour  affords  feven  principal  varieties 
of  this  ft  one  ; namely,  the  perfect  green,  the 
deep  green,  the  blue-green,  the  yellow-green, 
the  pale  green,  or  fieri!,  or  aqua  marine,  the 
white-green,  and  the  white.  Citizen  Bourn  on 
has  found,  in  the  mountains  of  Forez,  an  eme- 
rald, green  in  the  middle  and  white  at  its  two 
extremities  ; and  Citizen  Doloimeu  has  found 
one  altogether  white  in  the  granite  of  the  in- 
land of  Elba.  Laftly,  the  tranfparence  affords 
three  varieties  in  the  emerald,  the  tranfparent, 
the  femi- tranfparent,  and  the  opaque.  It  is 
very  feldom  that  an  emerald,  of  confidera- 
ble  fize,  poffeffes  a beautiful  tranfparence  ; molt 

frequently 
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frequently  the  emerald  is  cloudy,  full  of  ftains, 
or  entirely  opaque. 

This  ftone  has  been  very  abundant  in  Peru, 
whence  have  come  almoft  all  thofe  which  are 
met  with  in  commerce,  under  the  name  of  eme- 
ralds of  the  old  rock;  no  more  of  them  are  to  be 
found  at  prefent,  and  even  thefe  fir  ft  mines  are 
no  longer  known.  They  have  been  found  in 
France,  in  the  mountains  of  the  ci-devant  Fo- 
rez, Charolais,  and  Burgundy,  and  in  the  if] and 
of  Elba.  That  which  is  named  emerald  of 
Brazil,  h a tourmaline.  The  ancients  procured 
them  from  Egypt,  Scythia,  and  Baclriana. 

The  emerald  and  the  herd  contain  about  two 
thirds  of  their  weight  of  filex,  and  one  eighth  of 
alumine.  It  was  in  the  firft  of  théfe  ftones  that 
Citizen  Vauquelin  difcovered  his  new  metal, 
chrome,  in  the  ft  ate  of  green  oxide,  and  in  both 
of  them  a new  fpecies  of  earth,  glu-cine,  form- 
in  g nearly  one  fifth  of  thei r weight.  Bergmann, 
M.  Klaproth,  and  Bindheim  confounded  it  with 
alumine. 

The  emerald  is  much  i n ufe  as  a jewel  : it  pro- 
duces a very  fine  effect,  and  when  it  is  coin- 
pletely  tranfparent,  and  well  coloured,  of  agrafs 
green*  it  affords  a great  price.  Some  ancient 
phyficians  have  attributed  to  it  virtues  almoft 
miraculous. 

18.  The  eu  daft  : this  name,  which  fignifics 
eafily  broken , has  been  given  by  Citizen  Haiiy 
to  a new  ftone  brought  from  Peru  by  Dorn  bey; 
it  was  at  firft  confounded  with  the  emerald  on 

account 
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account  of  its  greenifh  tint  and  its  counuy, 
but  it  differs  from  it  in  many  of  its  properties» 
Its  fpecific  gravity  is  3,0 625.  It  lias  a very 
marked  double  refrabtion.  Though  fufficiently 
hard  to  fcratch  glafs  eafily,  and  quartz  flightly, 
it  does  not  give  fparks  with  the  heel,  but  is 
broken  by  the  fhock.  Its  cryftals  are  eafily  di- 
vided in  the  direction  of  four  planes  parallel 
to  their  axis  and  perpendicular  to  each  other. 
Two  of  thefe  divifions  are  neat  and  eafily  obtain- 
ed ; the  other  two  are  rugged  and  difficult  to 
be  obtained. 

The  primitive  form  of  the  euclafe  is  a right 
rebf angular  prifm  ; that  of  its  integrant  particle 
is  the  fame.  A variety  of  this  hone  prefents 
fixty-fix  faces,  ten  parallel  to  the  axis,  and 
twenty  eight  at  each  fummit. 

The  euclafe  has  not  yet  been  analyfed  : we 
only  know  that  it  is  fufible,  by  the  blow-pipe, 
into  a fpecies  of  white  enamel.  It  is  of  no  ufe, 
becaufe  it  has  not  yet  been  fufficiently  abun- 
dant to  be  employed. 

19.  The  garnet  : this  ftone  was  long  confider- 
ed  as  one  of  the  moft  common  gems,  is  alfo  one 
of  thofe  which  has  been  moft  examined,  and  is 
heft  known.  Its  fpecific  gravity  is  from  5,65  1 1 , 
to  4, 1888.  It  is  hard  enough  to  fcratch  quartz  ; 
its  refrabtion  is  fimple  ; its  frabture  undulated 
and  brilliant  ; its  primitive  form  is  the  rhom- 
boidal  dodecahedron  ; that  of  its  integrant  par- 
ticle, the  tetrahedron  with  equal  and  fimilar 
ifoccles  triangular  faces. 

Five 
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Five  principal  varieties  are  known  in  its  form  ; 
namely,  the  primitive , or  the  dodecahedral  gar- 
net, with  rhombic  planes  ; the  trapezoidal , or 
the  garnet  with  twenty-four  face§,  aad  the 
intermediary  variety  of  the  preceding  ; the 
garnet  in  a lamellated  ma/},  and  the  Jhapelefs 
garnet,  the  pyramids  of  which  are  not  terminat- 
ed ; three  other  varieties  with  relation  to  the 
colour,  the  red  garnet,  the  green  garnet,  and  the 
black  garnet;  finally,  three  with  relation  to 
the  paffage  of  the  light  between  its  laminæ, 
the  transparent,  the  femi-tranfparent,  and  the 
opaque. 

Several  chemifts  have  analyzed  the  garnet  : 
according  to  M.  Klaproth,  it  contains -f  of  filex, 
a little  more  than  — of  alumine,  of  magnefia, 
a little  more  than  -f  of  oxide  of  iron,  and  a lit- 
tle lime,  and  oxide  of  manganefe.  It  is  one  of 
the  hard  ftones  that  are  the  molt  fufible  and  the 
moft  eafily  attacked  by  the  acids. 

The  garnet  is  much  employed  as  an  orna- 
ment, though  it  is  one  of  the  ftones  laft  in  elti- 
^nation,  and  of  the  loweft  value. 

20.  The  Leucite  : this  is  the  name  which 
Mr.  Werner  has  given  to  a cryftallized  hone, 
which  has  fome  analogy  in  its  form  with  the 
o’arnet,  and  which  had  been  termed  zvhite  gar- 

O ' o 

net.  As  it  is  frequently  found  in  volcanic  pro- 
ducts, it  has  been  imagined  that  it  proceeded 
from  garnets  naturally  heated  ; but  this  opinion 
has  been  found  to  be  erroneous  ; befides  which, 
the  leucite  is  found  in  non-volcanic  fubfcances, 

and 
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and  even  in  primitive  mountains  ; it  is  frequent-' 
ly  met  with  in  fubftances  which  the  fu-b terra- 
neous fire  ought  to  have  altered,  and  which,  ne- 
vert  h clefs,  have  undergone  no  alteration.  The 
characters  of  the  leucite  have  a fpecific  weight  of 
52,4(>34  ; a middling  hardnefs  which  docs  not 
fcratch  glafs  urtlefs  with  difficulty,  a rough 
fracture  fomet lines  flightly  undulated  ; a white 
or  grey  colour,  with  a flight  yellow  tinge,  com- 
bined with  a iemi-tranfparency  which  is  hut 
feldom  obfervetl  in  it  ; the  primitive  form  of  a 
cube  fubdivided  diagonally  according  to  planes 
palling  through  the  edges  and  through  the  cen- 
tre,—a form  which  is  the  fame  as  that  of  the 


i nte  gran t m o 1 e c ul  e. 

There  are  fome  varieties  of  form,  of  colour, 
and  of  confidence  in  the  leucite.  Its  moft  or- 
dinary figure  is  a polyhedron,  terminated  by 
twenty-four  equal  and  fimilar  trapezoids,  per- 
fectly refembling  that  of  the  trapezoidal  garnet. 
We  meet  with  fome  fpecimens  that  are  lamellat- 
ed,  and  mis-fhaped  ; fome  are  femi-tranfparent, 
opaque,  hard,  friable,  whitifh,  grey,  greenifip 
yellowifh,  fpotted;  fome  are  fmooth,  others  gra- 
nulated, and,  as  it  were,  farinaceous.  The  leu- 
cite is  moft  frequently  inclofed  in  lavas. 

It  is  in  this  (tone  that  M.  Klaproth  has  found 
pot-afii  united  in  the  proportion  of  one  fifth  with 
more  than  double  its  weight  of  flex,  and  with 
a little  more  than  its  weight  of  alumine.  Citi- 
zen Vauquelin  has  fmee  confirmed  this  interefi- 
ing  difeovery,  and  extended  it  to  the  lava  which 
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molt  commonly  contains  the  cryftals  of  leucite, 
as  well  as  to  the  earths  which  afford  alum  by 
the  mere  evaporation  of  their  lixivium  without 
addition. 

21.  The  idocrafe  : Citizen  Iiaiiy  has  given 
this  name  to  the  ftone  which  had  been  termed 
the  hyacinth  of  volcanos,  or  hyacin thine,  and 
which  is  very  different  from  the  true  hyacinth. 
This  denomination,  which  fignilies  a mixed 
form,  is  derived  from  the  circum dance  that  its 
cryftals  partake  of  the  forms  of  feveral  other 
known  minerals. 

It  is  characterized  by  a fpecific  gravity  be- 
tween 3,390  and  3,409,  by  a hardnefs  which 
fcratches  glafs,  a double  refraction,  a (lightly 
ihining  rough  fracture,  which  is  fometimes  a 
little  undulated.  Its  primitive  form  is  the  cube 
divilible  in  the  direction  of  the  diagonals  of  two 
oppofite  faces  ; that  of  its  integrant  molecule  is  a 
triangular  prifm  with  rectangular  ifofceles  bafes. 

The  varieties  of  form,  in  general,  are  re  terri- 
ble to  the  prifm  of  eight  fuies,  terminated  by  py- 
ramids with  four  faces,  truncated,  as  it  were,, 
more  or  lefs  near  to  their  bales,  the  edo-es  of 
which  are  more  or  lefs  replaced  by  facets  : the 
principal  of  thefe  varieties  are  five  in  number, 
amongft  which  there  is  one  that  has  been  term- 
ed mnagefime  by  Citizen  Haiiy,  and  which,  pre- 
fenting  ninety  faces,  appears  to  prefent  the  max- 
imum: of  the  fecondary  forms  that  have  hitherto 
been  exhibited.  Thefe  varieties  of  form  are, 

more- 
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moreover,  diftinguifhed  by  a brown,  yellow,  or 
green  colour. 

Though  the  idocrafe  is  met  with  amongft  the 
fubftances  ejedled  by  volcanos,  it  belongs  to  the 
ground  itfelf  that  has  been  torn  up  by  the  fub- 
terraneous  fires,  and  is  not,  as  has  been  erro- 
neoufiy  imagined,  the  produdt  of  thofe  fires. 
Accordingly  it  has  only  been  found  amongft  the 
firft  ejedtions  of  the  volcanos,  efpecially  at 
Yefuvius. 

It  is  fufed  by  the  blow-pipe  into  a yellowifli 
glafs.  It  has  not  yet  been  analyzed. 

22.  Feldt-fpar  : this  is  one  of  the  moft  fre- 
quent {tones  in  nature.  It  conftitutes  a part  of 
the  granites.  Its  fpecific  gravity  is  between 
2,4378  and  2,7045.  Its  hardnefs  is  fuch  that 
it  eafily  fcratches  glafs,  and  emits  fparks 
with  the  fteeî,  on  which  account  it  has  been 
termed  feint  ilia  ting  /par.  It  has  been  termed 
fpar,  on  account  of  its  lamellated  and  variegat- 
ed fracture.  The  tranfparent  pieces  have  a dou- 
ble refradtion.  It  is  difficult  to  render  it  elec- 
tric by  fridtion,  even  when  it  is  very  tranfparent. 
Two  pieces  rubbed  againft  each  other,  emit  a 
fenfible  phofphoric  light.  Its  primitive  form, 
as  well  as  that  of  its  integrant  molecule  is  an 
irregular  oblique  angled  parallelopipedon. 

The  intimate  nature  of  this  ftone  is  not  yet 
well  known  According  to  the  analyfis  made 
of  it  by  Mefifrs.  Scopoli,  Weftrumb,  Morell,  Fa- 
broni,  and  Meyer,  filex  conftitutes  the  greateft 
part  of  its  compofttion  ; its  proportion  has  been 

indicated 
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indicated  at  between  0,55  and  0,74.  The  alu- 
mine is  the  next  moft  abundant  principle;  it  is 
faid  to  be  contained  in  it  in  the  proportion  of 
0,17  to  0,36.  Four  of  the  above  mentioned 
chemifts  have  found  magnefiafrom  0,04  to  0,06 ; 
and  one  of  them  has  found  lime  from  0,01  to 
0,06.  Iron  alfo  exifts  in  it,  and  appears  to  be 
its  moft  variable  element.  Three  of  the  che- 
mifts,  who  have  analyzed  it,  affert,  that  it  con- 
tains barites.  Citizen  Vauquelin  has  found 
pot-ath  in  it.  It  is  known  that  feldt-fpar  is  fufi- 
ble  into  a fpecies  of  white  enamel,  and  that  the 
fixed  alkalis  remarkably  accelerate  its  fufion. 

Its  fecondary  form  exhibits  fix  varieties  : the 
rhomboidal , the  fimilar , the  apophanous , the 
polynomous , the  fcmi-hwerfe , and  the  aggre- 
gated feldt-fpar.  Befides  thefe  are  diftinguifh- 
ed  the  tranfparent,  formerly  called  white  fchorl , 
and  adularia  ; the  unformed  ; the  pearly,  or 
fijiis  eye  ; the  chatoyant,  or  cat's  eye  ; the 
opaline  or  Labrador-ftone.  The  feldt-fpar  is  the 
petunztê  of  the  Chinefe  ; its  great  ufe  is  to  ferve 
as  a flux  for  porcelain  ; and  it  is  very  evident 
that  this  property  depends  upon  the  prefence  of 
pot-afh,  fo  that  porcelain  is  a fpecies  of  vitrifi- 
cation. 

23.  Petrojilex  : this  name  which  was  for- 
merly ufed  to  denote  a ftone  which  feemed  to 
be  intermediate  between  the  pebbles,  and  that 
which  was  improperly  termed  calcareous  hone, 
is  retained  to  denote  a fubftance  very  diftinét 
from  all  the  other  foffils  in  its  texture,  its  grain, 
Vol.  II.  E e its 
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its  afpcct,  &c.  Citizen  Daubenton  characterizes 
the  petrolilex  by  a femi-tranfparency  refembling 
that  of  wax,  and  its  fcaly  fracture.  Its  fpeci- 
fic  gravity  is  between  2,6527  and  2,7467.  It 
emits  fparks  by  the  fteel  ; it  never  has  a lam  el- 
la  ted  texture,  but  one  that  is  flightly  granu- 
lated, or,  as  it  were,  conchoidal.  Analogous  to 
fdex  in  its  appearance,  it  differs  chiefly  in  its 
fufibility  before  the  blow-pipe.  It  never  af- 
in mes  the  cryftalline  form,  nor  becomes  tranf- 
parent.  Its  principal  varieties  are  the  common 
petrofdex,  the  earthy , the  refiniform^  or  peck - 
Jlein,  the  jadien  or  jade  of  Sauflure.  M.  Kir- 
wan  has  found,  by  analyfis,  that  petrofdex  is 
compofed  of  a large  proportion  of  fdex,  alumine 
to  the  amount  of  a third  of  the  former,  and 
very  little  lime. 

Citizen  Haiiy  feems  to  coniider  this  ftone  ra- 
ther as  a homogeneous  fuhftance  fulliciently 
diftincl  from  the  other  hones,  as  in  the  extract 
of  his  Treatife  of  Mineralogy,  he  expreffes 
himfelf  in  the  following  manner  : “ Modern 
naturalifts  give  the  name  of  petrofdex  to  a fub- 
Itance  in  which  feldt-fpar  forms  the  predominant 
part,  and  which  is  mixed  with  the  other  com- 
ponent principles  of  granite  in  Inch  a manner, 
that  its  grains  are  indifcernible  to  the  eye.” 
Thus  he  appears  to  have  conlklered  it  as  a very 
line  granite. 

'24.  The  corindon  : this  is  the  name  given  in 
China  to  a ftone  which  was  formerly  termed 
very  improperly  adamantine  /par , lince  it  is 
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very  far  from  poffe fling*  the  hardnefs  of  the  dia- 
mond, which  was  at  firft  attributed  to  it.  Its 
fpecific  weight  is  3,8732.  It  fcratches  glafs 
very  ftrongly,  and  quartz  fenfibly.  It  has  a 
double  refraction.  Its  primitive  form  is  a rhom- 
boid a little  pointed  ; it  is  obtained  in  very  neat 
fediions.  The  form  of  its  integrant  molecule  is 
the  fame. 

Three  very  diftindt  varieties  of  this  ftone  are 
known  ; the prifmatic  corindon,  or  in  a regular 
hexahedral  prilm  ; thè  ternary  corindon,  the 
faces  of  which  have  alternately  three,  fix,  and 
nine  fuies  ; the  fub-pyramidal  corindon,  or  hav- 
ing incipient  pyramids. 

The  name  of fterotome  has  been  propofed  for 
this  ftone,  on  account  of  its  property,  of  cutting 
many  hard  bodies,  and  of  the  ufe  which  is 
made  of  it. 

M.  Klaproth,  who  had  at  firft  imagined  he 
had  difcovered  a new  and  particular  earth  in 
this  ftone,  an  earth  which  had  already  been 
admitted  upon  his  authority  under  the  name  of 
corindonian  earth,  has  ftnce  found  it  to  be  a 
compound  of  a large  quantity  of  alumine,  with 
a little  ftlex,  and  iron. 

25.  The  Cey Ionite  : this  ftone  has  been  con- 
founded with  the  tourmalines  of  Ceylon,  amongft 
which  it  is  found,  or  with  the  fchorls,  and  the 
garnets.  Its  fpecific  weight  is  from  3, 7647  to 
3,7931.  It  is  fufficiently  hard  to  fcratch  glafs 
ftrongly,  and  quartz  moderately.  Its  colour 
appears  like  a deep  black,  but  its  fmall  fragments 
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are  femi- 1 ranfparent,  and  of  a dark-blue  colour. 
Its  fracture  is  vitreous  and  undulated  ; its  pri- 
mitive form  is  the  regular  octahedron,  and 
that  of  its  integrant  molecule  the  regular  tetra- 
hedron.  One  of  its  moft  frequent  varieties  is 
the  octahedron,  the  edges  of  which  are  inter- 
cepted  by  Facets;  this  is  the  bordered  Ceylonite. 
Citizen  Collet  Defcotils  has  found,  by  analyfts, 
that  it  contains  0,68  of  alumine,  0,  Id  of  oxide 
of  iron,  0,12  of  magnefia,  and  0,02  of  fdex.  It 
has  hitherto  been  met  with  only  in  cryftals  of  a 
deep  black  colour. 

06.  The  axinite  : this  term,  which  implies  the 
being  fhaped  into  an  edge  like  the  head  of  an 
axe,  has  been  given  by  Citizen  Haiiy  to  a hone 
which  had  been  confounded  with  the  fchorls, 
and  called  the  violet , or  the  green  fchorl  of 
Dauphiny.  Its  fpecific  gravity  is  between 
3,2133  and  3,0956;  it  is  fufficiently  hard  to 
fcratch  glafs  ; its  refraction  is  fimple.  It  is 
difficult  to  determine  its  primitive  form,  on  ac- 
count of  the  want  of  continuity  of  the  natural 
joints  ; it  is  a ftraight  prifm,  the  bafes  of  which  arc 
obliquangular  parallelograms,  and  which  is  fub- 
divided  into  two  triangular  prifm s,  which  re- 
p refen t the  integrant  molecules. 

There  are  few  varieties  of  this  ftone  ; the  len- 
ticular, the  inflected,  the  violet , and  the  green, 
are  particularly  to  be  diftinguifhed.  The  iaft- 
mentioned  owes  its  colour  to  an  admixture  of 
chlorite;  its  form  is  the  moft  regular  and  the 
meatcfh 
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Mr.  Kiaprotli  lias  found  in  the  axinite,  half 
its  weight  of  (ilex,  a fourth  of  alumine,  a tenth 
of  lime,  and  another  tenth  of  the  oxides  of  iron 
and  mang*anefe.  The  latter  metal  affords  the 
violet  colour.  This  ftone  is  fufed  by  the  blow- 
pipe into  a femi-tranfparent  glafs,  of  a greenifli- 
white  colour. 

27.  The  tourmaline.  : the  ftone  definitively 
termed  tourmaline,  comprehends  varieties 
which,  at  different  periods,  have  been  con- 
lidered  as  fchorls,  emeralds,  peridots,  fapphires. 
Thefe  terrors  will,  in  future,  be  avoided,  by  com- 
bining ail  the  characters  that  belong  to  this 
fpecies. 

Its  fpecific  gravity  is  between  3,0863  and 
3,3636;  it  is  hard  enough  to  fcratch  glafs  ; its 
refraCtion  is  fimple.  It  is  rendered  electric  bv 
heat  ; but  in  a contrary  manner  at  the  two  ex- 
tremities of  its  cryftals  which  have  different 
faces,  according  to  the  difeovery  made  by  Epi- 
nus  in  3 756.  It  is  not  found  to  be  tranlparent 
except  when  viewed  acrofs  the  thicknefs  of  a 
cryftal;  it  always  appears  opaque,  when  the 
vifual  axis  is  parallel  with  that  of  this  cryftal. 
Its  fraCture  is  generally  undulated,  and  brilliant, 
frequently  articulated. 

Its  primitive  form  is  an  obtufe  rhomboid,  of 
which  the  plane  angle  at  the  fummit  is  about 
1 13-y  degrees,  and  which  is  fubdivided  into  fix 
tetrahedrons.  Its  integrant  molecule  is  an  ir- 
regular  tetrahedron. 
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In  all  the'  fecondary  cryftalline  forms,  what- 
ever they  may  be,  one  of  the  fummits  confiant- 
!y  differs  from  the  other  in  the  number  of  its 
facets,  fo  that  we  may  know,  before -hand, 
which  of  the  two  fummits  will  exhibit  the  phe- 
nomena of  the  vitreous,  and  which  of  the  refîn- 
ons electricity.  Citizen  Haiiy  diftinguifhes  the 
following  fix  principal  varieties,  according  to 
the  form  of  the  cryftals  ; the  very  obtufe  tour- 
maline, the  ifogonons  tourmaline,  the  homolo- 
gous tourmaline,  the  unequal  tourmaline,  the 
fuper-compoimded  tourmaline,  the  cyUndroid 
tourmaline.  This  ftone  differs  alfo  in  its  co- 
lours ; which  are  black,  green,  brown,  yellow- 
ifli-green  and  blue. 

Bergmann  found,  by  analyfis,  that  it  con- 
tains more  than  half  its  weight  of  alumine,  a 
third  of  filex,  a tenth  of  lime,  and  a very  fm all 
quantity  of  iron.  It  fufes  before  the  blow-pipe 
into  a white  or  grey  enamel.  Thefe  ftones  are 
brought  from  Madagascar,  Ceylon,  Brazil,  Ty- 
rol, and  Spain. 

28.  The  amphibole  : the  amphibole  has  long- 
been  confounded  with  the  tourmaline  by  fuch 
fallacious  analogies,  that  they  have  fuggefted  to 
Citizen  Haiiy  the  name  which  he  has  given  it. 
It  has  been  termed  opaque  fchorl , hornbende , 
lamellated  fchorl  ; it  is  the  fubftance  moft  ge- 
nerally defignated  as  fchorl.  Its  fpecific  gravity 
is  3,25.  It  Scratches  glafs  ; its  fraéture  is  rough. 
Its  primitive  form,  as  well  as  that  of  its  inte- 
grant molecule,  is  an  oblique  prifm  with  rhom- 
bic 


CLASSIFICATION  OF  STONES. 


423 


bic  bafes,  the  Tides  of  which  are  inclined  to- 
wards each  other  at  an  angle  of  about  1244-  de- 
grees. The  fedtions  parallel  with  thefe  ikies 
are  very  neat.  It  is  lefs  hard  than  the  tour- 
maline  ; it  does  not  become  electric  like  this 


ftone  by  the  action  of  heat  ; it  affords  a black 
glafs  before  the  blow-pipe.  Three  principal  va- 
rieties are  diftinguifhed  with  refpect  to  form  ; 
dodecahedral , the  biform , and  the  fuper -com- 
pounded amphibole.  Some  fpecimens  are  black 
and  others  green. 

MrvKirwan  has  found  it  to  contain  more  than 
a third  of  filex,  than  a fourth  of  alumine,  near- 
ly a fourth  of  iron,  and  almoft  a fifth  of  mag- 
nefia.  M.  Ilcyerhas  found  the  fame  fubftances 
in  it,  hut  in  proportions  confiderably  different 
with  refpedt  to  the  filex,  which  he  has  indicated 
as  much  more  abundant. 

29-  The  actinote . This  is  a ftone  which 
Sauffure  has  termed  rayonante , of  which  the  new 
name  is  the  exadt  ly  irony  me  : it  has  been  con- 
founded with  fchorl  under  the  name  of  green 
lchorl  ; its  lpecific  gravity  is  3,3333.  It  is  hard 
enough  to  fcratch  glafs  ; its  Traduire  is  fome- 
wliat  undulated  and  finning*.  Its  primitive 
form  is  a prifm  with  rhombufes  for  its  bafes,  the 
planes  of  which  are  inclined  towards  each  other 
at  about  124-  degrees.  Its  integrant  molecule 
has  the  fame  form,  which  is  that  of  the  amphi- 
bole. Its  moil  frequent  variety  is  an  oblong 
liexahedral  prifm  of  a grey  colour.  It  fufes 
into  a yellowifh  grey  enamel,  in  which  it  dif- 
fers 
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fers  from  the  amphibole,  which  it  fo  nearly  re- 
fembles  in  its  form,  that  it  will  not  be  poffible 
exactly  to  determine  the  difference  unlefs  we 
fhould  obtain  cryftals  terminated  by  fummits 
with  facets.  Hitherto  we  have  only  fuch  as 

v 

are  fractured.  It  has  not  yet  been  analyzed. 

30.  The  pyroæene . By  this  term  Citizen 
Haiiy  implies  the  being  a fir  anger  to  fire,  and 
thereby  announces  that  the  fubftance  to  which 
he  gives  this  name  is  not  a volcanic  product,  as 
feveral  mineralogifts  have  believed.  This  {tone 
was  formerly  termed  black  fchorl , volcanic  fchorl; 
it  is  frequently  found  upon  or  in  volcanic  fub- 
ftances,  but  that  is  beeaufe  it  has  conftituted 
a part  of  the  rocks  that  have  been  converted  in- 
to lavas.  The  following  are  the  fpecific  charac- 
ters which  Citizen  Haiiy  has  found  in  the  py- 
roxene. Its  fpecific  weight  is  3,2265.  It  has 
little  hardnefs,  it  fcarcely  fcratches  glafs  ; its 
fracture  is  rough,  its  ftructure  lamellated,  but 
lefs-fo  than  that  of  the  amphibole.  Its  primi- 
tive form  is  an  oblique  prifm  with  rhombufes 
for  its  bafes,  the  fides  of  which  are  inclined  to- 
wards each  other  at  about  92-J-  degrees,  and 
which  is  fubdivided  in  the  direction  of  the 
dragonals  of  its  bafes  into  two  triangular  prifms. 
This  laft-mentioned  prifm  is  the  form  of  its  in- 
tegrant molecule. 

The  pyroxene  is  fufed  with  difficulty  by  the 
blow-pipe,  and  only  when  it  is  in  very  final! 
fragments.  Bergmann  fays  that  it  contains 
more  than  ~ of  its  weight  of  filex,  a fourth  of 
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alumine,  almoft  a fixth  of  iron,  and  a little  lime 
and  magnefia.  Citizen  Vauquelin  has  found 
the  fame  fubftances  in  it,  but  he  has  ext  rafted 
them  in  different  proportions,  efpecially  the  alu- 
mine in  much  final  1er,  and  the  magnefia  in 
much  larger  quantity  as  well  as  the  lime  ; he 
has  alfo  found  it  in  a little  magnefia. 

There  are  two  principal  varieties  of  pyroxene  ; 
the  one  black  and  opaque,  the  other  green,  in 
fin  aller  cryftals  and  fometimes  tranfparent.  The 
latter,  which  had  been  diftinguifhed  as  a pecu- 
liar fpedies  by  the  name  of  virefeite , on  account 
of  its  colour,  has  exaftly  the  fame  form  as  the 
black,  according  to  the  obfervation  of  Citizen 
Haiiv. 

31.  The  Jlaurotide . By  this  name,  which 
lignifies  crofs-Jione , Citizen  Haiiy  has  dif- 
tinguifhed the  ftony  fubftance,  which  was 
formerly  placed,  under  this  denomination, 
amongft  the  fchorls.  It  was  the  cruciform 
fchorl  of  Romé  de  Lifle.  The  fpecific  gravity 
of  this  ftone,  which  is  found  in  Gallicia,  and 
in  France,  in  the  province  of  Brittany,  is 
3, 2 86 1.  It  (lightly  fcratches  quartz.  Its  frac- 
ture is  rough,  a little  filming  in  fome  cryftals, 
dull  and  as  it  were  argillaceous  in  others.  It  is 
molt  frequently  opaque  and  of  an  earthy-grey 
colour.  Its  primitive*  form  is  a ftraight  priftn 
with  rhombufes  for  its  bafes,  the  tides  of  which 
are  inclined  towards  each  other  in  129-  degrees, 
and  which  is  fubdivided  into  two  triangular 
prifms  ,*  that  of  its  integrant  molecule  is  a 

ftraight, 
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ftraight,  triangular  prifm.  Its  ciyftals  frequent- 
ly crofs  each  other  two  and  two  together,  fo 
that  their  axes  never  form  together  any  other 
angle  than  one  of  60  or  of  90  degrees. 

There  are  five  principal  varieties  of  this  (tone, 
th ^primitive  ftaurotide,  the  hexagonal  ftaurotide, 
the  ftaurotide  like  a fquare,  the  ftaurotide  like 
a crofs,  and  the  ftaurotide  garnetite.  The  laft 
mentioned  is  the  ftone  called  garnetite , which 
has  hitherto  been  ranked  amongft  the  garnets 
or  the  fchorls. 

Mr.  Heyer,  iVho  has  made  the  analyfis  of  the 
ftaurotide,  has  found  it  to  contain  nearly  half 
its  weight  of  filex,  a little  more  than  a fifth  of 
barites,  and  a fifth  of  alumine.  lie  had  more 
than  a tenth  of  lofs. 

32.  The  thallite.  This  term,  which  fignifics 
green  foliage,  is  given  to  a ftone,  which  was 
hitherto  confounded  with  the  fchorls,  and  which 
is  found  in  the  mountains  of  the  province  for- 
merly called  Dauphiny,  and  at  Chamouni.  This 
is  the  green  fchorl  of  Dauphiny  of  Romé  de 
Lille,  and  the  delphinite  of  Saulfure.  Its  dif- 
tmguifhing  characters  are  a fpecific  gravity  of 
3,4529,  a degree  ofhardnefs  that  ealily  fcratches 
glafs,  a fimple  rcfrafition,  a rough  and  fomewhat 
ftiining  fracture,  a very  great  degree  of  brittle- 
nefs  in  the  direction  perpendicular  to  the  axis 
of  its  cryfials;  it  yields  a white  powder  very 
rough  to  the  touch  ; it  does  not  become  elc&ric 
fey  heat. 


Its 
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Its  primitive  form  is  a ftraight  prifm,  the 
bales  of  which  are  parallelograms  with  oblique 
angles,  the  angles  being  114-  degrees  and  6 S— 
degree! 

Citizen  Haiiy  mentions  feveral  interelting 
varieties  of  form  which  lie  has  found  in  this 
Hone.  Its  colour  varies  from  the  yellowifli 
green  to  the  dark  green;  its  tranfparent  pieces 
take  a bright  and  Aiming  polifh, 

Bergmann  fays  he  has  extracted  from  the 
green  lchorl  of  Dauphiny  \ of  filex,  j-  of  car- 
bonate of  mag  ne  lia,  a little  lime,  iron  and  alu* 
mine.  Citizen  Collet  Defcotils  has  found  in  it 
a little  more  than  a third  of  flex,  a fourth  of 
alumine,  nearly  a fifth  of  iron,  a tenth  and  a 
half  of  lime,  and  a little  oxide  of  magnefia. 
The  thallite  is  fufed  with  ebullition  by  the 
blow-pipe,  and  yields  a blackilh  fcoria. 

33.  The  fmarcigdite.  Citizen  Sauffure  has 
given  this  name  to  a Hone  which  is  very  vari- 
able in  its  colour,  moft  frequently  green  and 
imitating  the  colour  of  the  emerald,  but  very 
far  from  poffeffmg  its  hardnefs,  its  tranfparence, 
its  regular  form,  and  all  its  other  properties. 
Sometimes  it  is  of  a beautiful  Alining  green  ; 
fometimes  it  is  grey,  and  of  a metallic  appear- 
ance like  mica,  and  foliated  like  the  fame  fub- 
ftance  ; it  prefents  a fucceffion  of  tinges  be- 
tween thefe  two  extremes.  The  following  are 
the  whole  of  its  diftinguiAiing  characters.  Its 
Specific  gravity  is  3,0.  Its  hardnefs  is  flight  ; 
it  fcratches  the  cryftallized  earthy  carbonates, 

and 
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and  fometimes  it  (lightly  fc  rate  lies  glafs.  Its 
fracture  is  fcaly  in  fome  pieces  and  rough  in 
others.  Without  ever  podefdng  the  form  of  re- 
gular cry  dais,  its  larninæ  are  eafily  divided  in 
two  different  directions  by  feet  ions,  of  which 
the  one  is  plane  and  confiderably  neat,  and  the 
other  dull  and  fcarcely  perceptible. 

Citizen  Vauquelin,  who  has  lately  analyzed  it, 
has  found  it  to  contain  half  its  weight  of  filex, 
a little  more  than  a tenth,  of  lime,  as  much  alu- 
mine, a twentieth  of  magnefia,  and  0,15  of  the 
three  oxides  of  iron,  of  copper,  and  of  chrome  ; 
the  lad  is  the  mod  abundant  ; next  the  iron, 
and,  laftly,  the  copper,  which  does  not  amount 
to  0,02.  He  had  nearly  0,06  of  lofs. 

34.  The  Oifanite.  This  done,  which  receives 
its  name  from  the  town  of  Oifan,  in  Dauphiny, 
near  which  it  is  found,  has  been  conddered  as 
a fchorl.  This  name,  however,  is  not  more  ap- 
propriate than  all  thofe  which  are  borrowed 
from  places;  for  the  done  which  bears  it  has  al- 
ready been  found  in  Spain. 

The  characters  of  the  Oifanite  are  a fpecific 
gravity  of  3,8571  ; a hardnefs  capable  of  Scratch- 
ing glafs  with  cafe  ; an  extremely  fenfible  elec- 
tric force  of  communication;  and  the  primitive 
form  an  oblong  rectangular  octahedron.  This 
form,  which  is  the  mod  common,  fubdivides  it- 
felf  very  nearly  parallel  with  the  eight  faces  of 
the  oétahedron,  and  parallel  to  the  common 
bafe  of  the  two  pyramids  which  compofe  the 
cry  dal  by  their  union.  We  are  led,  by  reafon- 
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in  g*,  to  adopt  as  the  form  of  its  integrant  mole- 
cules the  irregular  tetrahedron. 

The  Oifanite  is  not  fufible  by  the  blow-pipe. 
It  lias  not  yet  been  analyzed.  There  are  feveral 
varieties  of  it,  efpecially  with  refpect  to  colour. 
Amongft  thefe  are  diftinguifhed,  the  blue,  or 
blue  fchorl  of  Dauphiny,  the  black,  or  black 
fchorl  of  Oifan,  and  the  yellow,  or  that  of 
Spain.  The  cryftals  are  frequently  fo  finall, 
tliat  it  is  difficult  to  afeertain  their  form. 

35.  The  dioptafe.  Citizen  Haiiy  has  given 
this  new  name  to  a ftone,  in  which  we  may 
perceive  acrofs  its  laminae  the  juncture  which 
unites  them,  by  very  lively  undulating  co- 
lours. It  had  been  confounded  with  the  eme- 
rald on  account  of  its  colour  ; but  it  differs 
greatly  from  it  in  its  fpecific  gravity,  which  is 
3,3000,  in  its  hardnefs,  which  is  fo  llight  that 
it  does  not  fcratch  glafs  without  difficulty,  in 
its  primitive  form,  eafily  obtained  by  diffedtion, 
which  is  an  obtufe  rhomboid,  in  which  the  plane 
angle,  at  the  top,  is  1 1 1 degrees,  and  in  the  form 
of  its  integrant  molecules,  which  is  the  fame. 

The  only  cryftals  of  this  ftone,  the  native 
country  of  which  is  not  known,  are  dodecahe- 
drons  with  lix  vertical  parallelogrammatic 
obliquangular  fides,  with  fummits  of  three  oh- 
tufe  rhombufes. 

Citizen  Lelievre  found  that  it  imparted  to 
borax  a green  colour,  and  that  it  yielded  a 
final!  button  of  copper,  by  the  blow-pipe.  Ci- 
tizen 
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tizen  Vauquelin’s  firft  allays  might  iead  us  to 
fuipecl  that  the  dioptafe  is  an  ore  of  copper, 

36.  The  lazulite  : this  was  formerly  termed, 
lapis , lapis  lazuli , Armenian  ftone.  Its  name 
is  derived  from  azul , which  is  the  appellation 
that  was  given  by  the  Arabs  to  this  ftone.  It 
is  very  eafily  recognifed  by  its  beautiful  blue 
colour,  its  fpecific  gravity  between  2,7675  and 
2,9434;  its  hardnefs,  which  is  fuch  that  it 
fcratches  glafs,  and  emits  fparks  at  feme  points, 
its  granulated,  fine,  and  clofe  fracture,  and  the  to- 
tal abfence  of  the  cryftalline  form.  It  varies  in 
the  richnefs  of  its  blue  colour  ; frequently  it  is 
mixed  with  feldt-fpar  and  fulphuret  of  iron. 
Mar  g raff  found  it  to  contain  filex,  lime,  ful- 
phate  of  lime,  and  iron.  M.  Klaproth  has 
found  it  to  contain  more  than  a tenth  of  its 
weight  of  alumine.  It  yields  fulphurated  hi- 
droo’cn  o*as  with  the  acids. 

c y o \ 

Th  is  is  the  ftone  with  which  the  ultra-marine 
blue  is  prepared,  the  moft  beautiful,  and  molt 
durable  of  all  the  pigments  employed  in  paint- 
ings It  would  be  one  of  the  fineit  difeoveries 

O 

in  chemiftry,  were  it  poffible  to  imitate  this 
precious  colour  by  art,  as  Nature  p relents  it 
but  feldom,  in  little  abundance,  and  frequently 
impure. 

37.  The  zeolite  : Cronftedt  has  given  this 
name  to  a ftone  which  boils  in  the  fire  as  it  fuies. 
This  appellation  of  the  celebrated  Swediih  mi- 
neralogift  is  retained  to  diftinguilh  the  fpecies 
in  the  French  lithology. 


The 
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The  following  arc  the  characters  whereby  this 
fpecies,  -with  which  feveral  other  ftones,  more 
or  lefs  different  from  it,  have  been  confounded, 
is  fufficiently  diftinguilhed.  Its  fpecific  gravity 
is  equal  to  2,08333;  its  liardnefs  is  flight,  and 
only  acts  upon  the  carbonate  of  lime.  It  becomes 
electric  bv  heat  like  the  tourmaline  ; the  vitre- 
ous  or  pofitive  electricity  occupies  the  project- 
ing pyramids,  and  the  refinous,  or  negative  elec- 
tricity refides  towards  their  adhering  bafe.  Its 
fraCture  is  a little  undulated  ; its  primitive  form 
is  a ftraight  prifm  with  fquare  bales,  that  of  its 
integrant  molecules  is  the  fame.  It  has  alfo 
the  property  of  eafily  forming  a jelly  with  the 
acids.  Its  form,  its  electric  quality  by  heat 
alone,  and  its  gelatinous  nature  in  its  acid  fe- 
intions, particularly  diftinguilli  this  fpecies  of 
itone  from  the  different  compounds  with  which 
it  has  been  fo  gratuitoufly  affociatcd  ifi  different 
fyftems  of  lithology. 

Amongft  the  principal  varieties  of  the  zeolite, 
we  ought  to  diltinguifh  that  of  Cronftedt,  in 
long  quadrangular  prilms,  terminated  by  pyra- 
mids with  four  depreffed  faces.  There  are,  alfo, 
differences  of  colour  which  may  form  varieties, 
or  fubordinat'e  varieties  in  the  zeolite. 

This  ftone  has  been  analyzed  by  Bergmann, 
Pelletier,  Meyer,  and  Klaproth.  All  thefe  che- 
mifts  have  found  filex  as  the  moft  abundant 
principle  from  0,44  to  0,60;  alumine  in  the 
fécond  proportion  from  0,18  to  0,30;  lime 
in  the  third,  from  0,03  to  0,18;  water  from 
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0,04  to  0,22.  M.  Klaproth  has  alfo  announced 
that  it  contains  a fmall  quantity  of  iron.  The 
property  which  the  zeolite  po {Telles  of  boil- 
ing whilft  it  fufes,  is  manifeftly  owing  to  the 
water  which  it  retains. 

38.  The  fiilbiie  : a ftony  fubftance,  of  a finn- 
ing appearance  refembling  mother-of-pearl,  as 
its  name  expreffes.  It  is  the  fécond  fpecies  of 
zeolite,  which  Citizen  Haiiy  diftinguiflied  fome 
years  ago,  and  of  which  he  has  fmce  made  this 
particular  ftone,  after  having  ftudied  it  with 
greater  attention.  In  fact,  it  has  very  diftinht 
characters;  efpecially  a weight  of  2,5  ; a greater 
degree  of  hard  nefs  than  the  zeolite,  properly  fo 
called,  as  it  eafdy  fcratches  it  ; a In ltre  refem- 
blmg  that  of  mother-of-pearl  ; the  primitive  form 
of  a ftraight  prifm  with  rectangular  bafes  ; but 
the  lections,  parallel  with  the  ftraight  faces,  are 
alone  neat.  Its  integrant  molecules  are  of  the 
fame  form.  It  lias  two  principal  varieties  of 
cryltals,  the  one,  in  dodecahedrons  with  four 
hexagonal  faces,  with  fummits  of  four  obliquan- 
gular  parallelograms  ; the  others,  in  hexaliedral 
prifms,  the  four  folid  angles  of  which,  are  re- 
placed by  triangular  facets  with  a different 
height. 

The  llilbite  when  placed  upon  burning  char- 
coal, lofes  its  tranfparency,  decrepitates,  and  be- 
comes friable  like  cryftallized  fulphate  of  lime. 
It  fwells,  fufes,  and  is  reduced  into  a white? 
enamel,  femi-tranfparent,  and  fdled  with  bub- 
bles like  the  zeolite.  Citizen  Vauquelin  found, 
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by  analylis,  that  it  contained  more  than  half 
its  weight  of  filex,  almoft  a fifth  of  alumine, 
almoft  a tenth  of  lime,  and  nearly  a fifth  of  wa- 
ter. Hence  we  fee  that  it  approaches  very 
near  to  the  zeolite  in  its  nature. 

39.  The  Prehnitc , a name  formed  from  that 
of  Colonel  Prehn,  who  brought  this  hone  from 
the  Cape  of  Good  Hope.  It  has  alfo  been  found 
in  France.  That  of  the  Cape  has  a fpecific 
gravity  equal  to  2, 6969  ; that  of  France,  to 
£,6097  ; it  is  fufficiently  hard  to  fcratch  glafs 
flightly.  It  is  a little  pearly,  in  greenidi  cryf- 
tals,  confufedly  grouped  together,  divergent, 
in  tetrahedral  prifms  with  dihedral  fummits. 
That  of  France,  which  is  found  in  Dauphiny, 
is  in  rhomboidal  laminæ,  with  lateral  faces  in- 
clined towards  each  other,  at  angles  of  101  and 
8 9 degrees  ; or  in  hexagonal  laminæ,  having 
two  angles  of  101  degrees,  and  four  of  129-  de- 
grees ; or  in  laminæ  grouped  together,  and  di- 
vergent like  the  fticks  of  a fan — this  is  termed 
the  flab  cl  li form  prehnite;  or,  laftly,  in.  bundles 
of  curvilinear  divergent  laminæ;  this  is  the  con - - 
choid  prehnite.  It  is  white  or  green.  Its  pri- 
mitive form,  as  well  as  that  of  its  integrant  mole- 
cules, is  a ftraight  rhomboidal  prifm,  with  bafes 
whole  angles  are  about  101  and  79  degrees. 

The  prehnite  is  fufed  by  the  action  of  the 
blow-pipe  into  a white  porous  froth,  which  be- 
comes an  enamel  of  a bladdih  yellow  colour 
M.  Klaproth  has  found  it  to  contain  nearly  half 
its  weight  of  filex,  nearly  a third  of  alumine, 
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nearly  a fifth  of  lime,  0,05  of  iron,  and  a little 
water.  The  analyfis  made  by  Citizen  H alien- 
fratz  gave  him  refults  perfectly  correfponding 
with  thefe.  It  is  evident,  that  this  hone  dif- 
fers from  the  zeolite  merely  by  its  containing 
much  lefs  water  ; accordingly  it  does  not  boil, 
like  the  latter,  previous  to  its  fufion. 

40.  The  chabafia  ; this  is  an  ancient  and 
Homeric  name  of  a ftone,  which  has  been  revived 
feme  years  ago,  and  applied  to  a ftony  com» 
pound,  which  was  fir  ft  confidered  as  conflituting 
a variety  of  zeolite,  termed  the  cubic , but  which 
Citizen  Haiiy,  by  appropriating  to  it  this  dif- 
tinét  appellation,  has  feparated  as  a peculiar  fpe- 
cics.  It  is  found  in  Germany,  near  Oberftein. 
Its  fpecific  gravity  is  2,117b;  it  fcarcely 
lcratches  glafs,  and  feldt-fpaf  but  flightly  ; 
its  ftrudture  is  lamellated.  Its  primitive  form 
is  a rhomboid  ûightly  obtufe,  the  plane  an- 
gle at  the  fummit  of  which  is  about  93-|-  de- 
grees ; its  integrant  molecules  have  the  fame 
form. 

It  has  two  varieties  of  form  : the  one  which 
is  the  primitive,  and  the  other  which  is  termed 
the  tri-rhomb oidcil,  becaufe,  by  prefenting  a 
rhomboid  incomplete  in  the  three  edges  of  each 
fummit,  and.  in  the  fix  folid  lateral  angles  it 
gives  the  idea,  if  vre  fuppofe  the  facets  to  be 
continued  till  they  interfect  each  other,  of  two 
different  rhomboids,  which,  united  with  the 
primitive,  prefent  three  poflible  rhomboids. 
This  fpecies  of  ftone  has  not  yet  been  analyfed  : 

the 
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the  attention  of  lithologifts  was  firft  diredled  to 
its  diftindtions,  fome  years  ago,  by  Citizen 
Bole  d’  An  tic. 

41.  The  analcime:  Citizen  Haiiy  has  given 
this  name,  which  fignifies  without  Jlrëngth , to 
a ftone  which  is  very  difficult  to  be  rendered 
eledtric  by  friction,  and  which  he  had  at  hrft 
confidered,  with  lèverai  other  naturalifts,  as  a 
variety  of  zeolite.  It  was  termed  hard  zeolite , 
granatic  zeolite.  Its  fpecific  gravity  is  nearly 
equal  to  2.  It  fcratches  glafs  llightly.  Its 
fradture  is  undulated  in  the  tranfparent  pieces  ; 
compact,  and  very  fine-grained  in  the  opaque 
cryftals.  The  molt  tranfparent  of  the  cryftals 
become  but  verv  (lightly  eledtric  by  fridtion. 
Its  primitive  form,  as  well  as  that  of  its  inte- 
grant molecules,  is  the  cube. 

Sometimes  in  the  fecundary  forms,  each  folid 
angle  of  the  cube  is  replaced  by  three  trian- 
gular facets  ; fometimes  it  prefents  a polyhe- 
dron refemblino*  the  garnet  with  twentv-four 
trapezoidal  facets.  The  one  is  the  cub o -pyra- 
midal analcime  ; the  fir  ft  was  formerly  the 
cubic  zeolite,  or  the  zeolite  with  thirty  facets  ; 
the  fécond,  the  granatic  zeolite.  It  is  found 
tranfparent,  opaque,  white,  and  flefh- coloured. 

The  analcime  is  fufed  by  the  adtion  of  the 
blow-pipe,  without  fuelling,  into  a femi-tranf- 
parent  glafs.  It  is  found  in  grouped  cryf- 
tals, depolited  by  water  in  the  fiffures  of  hard 
lavas.  It  is  manifeftly  pofterior  to  their  forma- 
tion, whilft  the  leu  cite  has  preceded  it,  and  has 
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been  enveloped  by  them.  N o accurate  analyiis 
lias  yet  been  made  of  the  analcime. 

42.  The  Sommité  : this  Hone  had  been  con- 
fidered  as  an  hyacinth,  and  termed  the  white  hy- 
acinth of  La  Somma,  a name  of  the  mountain 
Vefuvius  upon  which  it  is  found.  Born  termed 
it  white  bafaites,  and  Berber  white  hexagonal 
fchorl.  It  is  a diftinct  fpecies  of  ftony  com- 
pound, charaéterized  by  the  following  proper- 
ties. Its  fpecific  weight  is  3,2744  ; it  is  fuffi- 
ciently  hard  to  fcratch  glafs  with  its  pointed 
parts  ; its  fracture  is  rough,  approaching  to  the 
vitreous,  as  viewed  through  a magnifying  glafs: 
The  primitive  form  which  it  pretty  conftantly 
affects,  is  that  of  a regular  hexahedral  prifm. 
That  of  its  integrant  molecule  is  the  equilateral 
triangular  prifm.  It  is  difficult  to  be  fufed  by 
the  blow-pipe  : it  contains  nearly  equal  parts  of 
filex  and  alumine,  but  very  little  lime,  and  ox- 
ide of  iron,  according  to  the  analyfis  of  Citizen 
Vauquelin.  It  is  evidently  very  different  in  its 
nature  from  the  hyacinth. 


43.  The  andreolite  : this  name,  taken  from 
Andeaiberg  in  Saxony,  from  whence  this  natu- 
ral compound  comes,  is  given  to  a ffone  which 
Borné  de  Liüe  had  termed  the  cruciform  white 
hyacinth , and  which  Bergmann  had  likewife 
ranked  amongft  the  hyacinths.  Its  weight  is 
2,3.  It  (lightly  feratehes  glafs  : ffs  fracture  is 
rough.  Its  powder,  thrown  upon  burning 
charcoal,  emits  a phofphoric  light  of  a greenifh- 
yellow  colour.  Its  primitive  form  is  a reedan- 
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gular  octahedron,  which  is  fubdivided  in  a di- 
rection parallel  with  planes,  p ailing  through  the 
edges  contiguous  to  the  fummits,  and  through 
the  centre.  Its  integrant  molecule  is  an  irre- 
gular  tetrahedron.  It  is  generally  a made 
compofed  of  two  flattened  tetrahedral  prifms, 
terminated  by  two  tetrahedral  pyramids,  and 
interfering  each  other  at  a right  angle,  in  con- 
fequence  of  which  it  has  been  termed  cruciform . 
Meffrs.  Heyer  and  Klaproth  have  found  it  to 
contain  fdex,  alumine,  and  barites:  the  fir  ft 
eonftitutes  nearly  half  of  it,  the  two  others 

‘ AJ 

about  a fifth  each.  According:  to  M.  Klaproth, 


it  contains  0,15  or  water. 

44.  The  peridot  : at  prefent,  the  name  of  pe- 
ridot is  given  to  certain  hones  far  lefs  numerous 
than  thofe  which  have  long  been  confounded 
together  under  this  denomination,  and  which 
lèverai  mineralogifts  have  not  even  known. 
The  phyfical  characters  of  the  real  peridot  are  a 
fpecific  gravity  equal  to  3,4285,  a hardnefs  ca- 
pable of  fcratching  glafs,  a very  ftrong  double 
refraction,  an  undulated  and  brilliant  fracture  : 
the  natural  joinings  pf  its  laminæ  are  in  a di- 
rection parallel  to  its  axis. 

Its  primitive  form  is  that  of  a Kraight  prifm, 
with  rectangular  bales  ; that  of  its  integrant 
molecule  is  the.  fame.  There  arc  fome  remark- 
able varieties  of  thisTtone,  efpecially  thofe  which 
are  termed  the  peridot  micronome , the  peridot 
duodenaire , C/c.  Its  ordinary  colour  is  a green - 
idi-yellcw.  Amongft  thefe  varieties,  we  muft 
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alfo  clafs  the  pretended  volcanic  chryfolite,  or 
the  olivine  of  Werner,  fo  named  on  account  of 
its  colour. 

Citizen  Vauquelin  has  analysed  the  peridot, 
and  has  found  it  to  contain  more  than  half  its 
weight  of  magnefia,  a little  more  than  two 
thirds  of  filex,  and  about  a tenth  of  oxide  of 
iron  ; he  had  not  more  than  lofs.  He  has 
obferved  that  this  ftone  was  not  fufed,  either 
alone,  or  with  the  phofphate  of  foda,  by  the  ac- 
tion of  the  blow-pipe,  and  that  with  borax  it 
yielded,  without  effervefcence,  a tranfparent 
glafs  of  a (lightly  green  colour. 

45.  Mica  : this  is  one  of  the  (tones  mo  ft  eafy 
to  be  diftinguifhed  by  its  brilliancy,  which  fre- 
quently imitates  the  metallic  Inftre,  by  its  elaf- 
ticity,  by  its  foftnefs,  by  its  being  greafy  to  the 
touch,  without  having  an  unéluous  afpeht  ; its 
fpecific  gravity  is  between  2,6548  and  2,9342. 
It  is  eafily  fcratched  ; it  rather  tears  than  breaks. 
Its  primitive  form  is  a right  prifm,  with  rhom- 
bufes  for  itsbafes,  the  angles  of  which  are  120° 
and  60°.  The  divifions  made  parallel  with  the 
bafes  are  very  clean  ; thole  made  in  the  la- 
teral direction  are  dull  and  tarnifhed.  Its  in- 
tegral molecule  is  of  the  fame  form. 

Among!!  the  varieties  of  form  in  this  hone, 
are  diftinguifhed,  the  primitive  mica,  or  in  a 
ihort  rhomboidal  prifm  ; the  hexagonal  mica  in 
a hexahedral  prifm,  or  in  hexagonal  laminæ  ; 
the  rectangular  mica  ; the  foliated  mica,  talc, 
or  Mufcovy  glafs  ; lamelliform  mica  ; the  he- 
rn i/ph  eric 
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mifpheric  mica  ; the  filamentous  mica  : the  pul- 
vendent  mica.  With  refpedt  to  colour,  there 
is  gold-coloured  mica;  file er -coloured  mica; 
greenijh , reddijh , yellowijh , brown , and  black 
mica;  transparent , femi-tranf parent , and 
opaque  mica. 

Mica  is  a primitive  hone,  mixed  with  quartz, 
and  feldt-fpar  ; it  is  frequently  carried  into  the 
fecondary  earths  ; it  is  one  of  the  natural  fub- 
fiances  that  reflect  light  the  ftrongeft. 

Mica  is  fufible  by  the  action  of  the  blow-pipe 
into  a white,  grey,  greenifh,  or  blackiih  enamel 
By  an  accurate  analyfis,  Citizen  Yauquelin 
found  it  to  contain  half  its  weight  of  fdex,  a 

third  of  alumine,  more  than  a twentieth  of 

» 

oxide  of  iron,  and  very  little  lime,  and  mag- 
nolia. 

It  is  much  ufed  for  windows,  and  efpeci- 
ally  thofe  of  flips,  inftead  of  glafs,  in  the 
conltruction  of  lanterns,  in  ornamental  works, 
for  drying  writing,  &c.  When  employed 
for  the  laft  mentioned  purpofe,  it  is  impro- 
perly termed,  gold  or  filver  powder,  cat’s  filver, 
See. 

4b.  The  cy unite  : this  (tone,  which  has  been 
named  blue  fchorl , and  fapphire , has  a fpecific 
gravity  of  3,5170.  It  does  not  fcratch  glafs, 
uulefs  we  rub  the  glafs  with  a very  {harp  point 
of  the  ftonc.  It  po  defies  only  funplc  ref  radii  on. 
Its  primitive  form  is  an  oblique  quadrangular 
prifni,  the  faces  of  which  are  inclined  towards 
each  other  in  an  angle  of  about  103  degrees  ; 

its 
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its  integrant  molecule  has  the  fame  form.  In 
the  eryftals  of  this  ftone  there  are  always  divi- 
sons parallel  to  two  oppolite  faces,  which  are 
much  neater  than  thofe  which  anfwer  to  the 
other  faces. 

Amongft  the  varieties  of  its  form,  one  of  the 
moft  remarkable  is  that  of  liexahedral  prifms 
which  are  applied  two  and  two  together  fo  as 
to  prefent  a concave  angle  on  one  fide,  and  a 
projecting  angle  on  the  other.  They  are  found 
on  mount  St.  Gothard. 

Sauffure  and  M.  Struve,  in  their  analyfes  of 
this  ftone,  have  obtained  very  different  refults. 
According  to  the  hr  ft,  the  filex  and  magnefa 
form  each  an  eighth  part  of  its  weight,  the  alu- 
mine more  than  two  thirds,  and  the  iron  a twen- 
tieth. Mr.  Struve,  on  the  contrary,  axTerts,  that 
it  contains  one  half  filex,  one  third  of  alumine, 
one  twentieth  of  magnefia,  and  as  much  lime 
and  iron. 

4 7.  The  Tremolite  ; or  the  ftone  of  mount 
Tremola,  is  well  characterized  by  its  fpeeific 
gravity  between  2,9  and  3,2,  its  hard  nefs  which 
fcratches  glafs,  its  undulated  fracture,  the 
coarfenefs,  and  hardnefs  of  its  powder,  which 
tears  and  irritates  the  fkin  when  rubbed  upon 
it,  the  redd ifli- white  phofphorefcence  which  it 
exhibits  when  ftruck  in  the  dark’;  finally,  by 
its  primitive  form,  which  prefents  an  oblique 
quadrangular  prifm,  whofe  faces  form  angles  of 
about  twenty-feven  degrees.  The  feblions,  par 
rallel  to  its  faces,  are  very  neat,  The  form 
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of  its  integrant  molecules  is  the  fame.  There 
are  feveral  varieties  of  it  in  the  crystalline  form, 
one  of  which  is  fibrous.  This  ftone  is  hitherto  lit- 
tie  known.  According  to  M.  Klaproth,  it  con- 
tains more  than  two-thirds  of  its  weight  of  lilex, 
nearly  one  fifth  of  lime,  one  tenth  of  mag- 
nefia,  one  twentieth  of  water,  and  ‘carbonic 
acid. 

48.  The  leucolite  : this  name,  which  fimply 
fignifies  white  hone,  has  been  given  to  a fpecies 
that  has-been  ranked  am  on  gft  the  fchorls.  It 
wras  Rome  de  Lifle’s  white  prifmatic  fchorl  of 
Attenberg  in  Saxony.  Its  fpecific  gravity  is 
3,5145.  It  (lightly  fcratches  quartz.  Its  frac- 
ture, which  is  dull,  appears  by  its  inequalities 
to  be  rather  fcaly.  Its  primitive  form,  which 
as  yet  is  only  conjectured,  appears  to  be  the  re- 
gular hexahedral  prifm,  and  that  of  its  integrant 
molecule  an  equilateral  triangular  prifm.  Mr. 
Wiegleb  has  found  it  to  contain  equal  parts  of 
filex  and  alumine.  It  does  not  fufe  before  the 
blow-pipe. 

49.  The  dipyre  : this  is  the  name  given  by 
Citizen  Hally  to  a (tone,  that  was  found  in 
178b,  by  Citizens  Lelievre  and  Gillet,  near 
Manléon.  It  confifts  of  bundles  of  minute 
prifms  that  have  a faint  lilach  colour.  Its  fpe-' 
cific  gravity  is  2,6305.  It  fcratches  glafs  ; its 
fracture  is  undulated  and  brilliant,  its  powder 
thrown  upon  an  ignited  coal  appears  (lightly 
luminous  in  the  dark.  Like  the  leucolite,  its 
primitive  form  is  the  regular  hexahedral  prifm, 

and 
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and  that  of  its  integrant  molecule  the  equi- 
lateral triangular  prifm.  It  ought,  however, 
not,  to  be  confounded  with  the  former,  as  it  is 
very  fufible  before  the  blow-pipe,  and  differs 
from  it  in  its  compofition.  Citizen  Vauquelin 
has  found  it  to  contain  much  fiiex,  alumine,  a 
little  lime,  and  oxide  of  manganefe  as  a colour- 
ing principle. 

50.  AJbeftos  : the  name  of  afbeftos,  which  is 
already  ancient,  and  which  fignifies  inextin- 
guijhable , though  this  word  has  been  taken  for 
that  of  incomhujtible , belongs  to  a ftone,  which 
is  molt  frequently  of  a fibrous  texture  refem- 
bling  that  of  cloth,  or  vegetable  fibres.  This 
fubftance  is  confounded  with  the  amianthus. 
This  earthy  compound  is  very  variable  in  its 
fpecific  gravity,  which  feems  to  vary  from  2,7958 
to  0,6806'  ; this  depends  upon  the  great  differ- 
ence of  the  approximation,  or  reparation  of  its 
fibres.  It  varies,  like  wife,  very  greatly  in  its 
liardnefs  ; fometimes  it  is  fufficiently  hard  to 
fcratch  glafs  ; in  fome  varieties,  on  the  contrary, 
it  has  the  foftnefs  of  cotton.  Its  powder  is  al- 
ways foft  to  the  touch.  Its  ft  ru  clu  re  prefen  ts 
filaments  fometimes  flexible,  fometimes  brittle, 
united  longitudinally  in  bundles,  or  interwoven 


fo  as  to  refemble  membranes. 

Thefe  differences  determine  the  principal  va- 
rieties  which  are  diftinguifhed  in  this  fuhf tance; 
the  flexible  afbeftos  ; the  hard  afleftos  ; the 
Jibrous  afbeftos,  the  interwoven , ftberiform , 


coriaceous  afbeftos,  &c. 


Bcrgmann 
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Bergmann  tells  us,  that  he  has  found  in  this 
hone  more  than  one  half  of  filex,  nearly  one 
fifth  of  magnefia,  little  alumine,  more  than  a 
tenth  of  fulphate  of  barites,  and  of  lime.  M. 
Wiegleb  fays,  he  has  extracted  from  it  more 
magnefia  than  filex,  and  lèverai  modern  litholo- 
gifts  have  ranked  this  hone  amongft  thofe  of 
the  magnefian  clafs. 

Formerly  the  variety  of  afbeftos,  called  ma*  , 
ture  amianthus,  was  much  ufed  for  preparing  a 
fort  of  incombuftible  thread,  or  cloth,  which 
was  chiefly  employed  for  wicks  in  fepulchral 
lamps,  and  for  colledting  the  afhes  of  human 
bodies  after  combuftion,  &c. 

51.  Talc  : Though  this  term  has  often  been 
a fynonyme  of  mica  in  mineralogy,  it  is  adopted 
by  the  moderns,  to  denote  a ftony  fub fiance 
which  differs  from  it,  efpecially  in  an  uncluofity 
fenfible  to  the  touch,  and  in  the  vitreous  elec- 
tricity which  it  communicates  to  fealing-wax 
by  fridtion,  whilft  mica  gives  it  the  refinous  elec- 
tricity. Citizen  Haiiy  enumerates  four  varie- 
. ties  of  this  ftone  ; namely,  the  laminary  talc, 
or  Venice  talc  ; the  foliated  talc,  or  chalk  of 
Briançon  ; compati  talc  as  the  lard-ftone  ; thefe 
three  firft  give  the  pofiti’ve  or  vitreous  electri- 
city to  lealing-wax.  The  fourth  variety,  or  the 
Jl  eat  it  es  talc,  communicates  the  negative  or 
refinous  electricity  to  it  byfridtion. 

The  characters  of  this  ftone  are — a fpecific 
gravity  between  3,5834  and  2,9902  ; a texture 
ealy  to  be  feraped  with  the  knife,  a foft  and  unc- 
tuous 
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tuous  furfacc,  the  primitive  form  ot  a right 
rhomboidal  prifm,  its  bafes  having  angles  of  120 
decrees  and  60  decrees  ; and  in  which  factions 
parallel  with  thefe  bafes  are  eafily  obtained. 
Its  integrant  molecule  has  the  fame  form. 

M.  Kirwan  has  found  in  this  ft  one,  almofl  as 
much  magnefia  as  filex,  and  only  a twentieth 
part  of  alumine.  Amongft  the  varieties  of  talc, 
which  are  fnfficiently  numerous,  the  mixed 
fleatites,  the  ferpentine  and  pot  hones  are  not 
ranked. 

The  foftnefs  of  the  texture  of  the  talcs,  the 
hnenefs  of  their  powder,  their  eafy  fufpeiifion 
in  water,  which  they  powerfully  abforh,  and 
the  hard  nefs  which  they  contract  by  the  action 
of  a moderate  heat,  renders  them  ufefu-1  in  a. 
great  number  of  the  arts,  or  for  domeftic  pur- 
poles. 

52.  The  chlorite  : this  name,  which  ftgnines 
a green  fubftance,  is  improperly  applied  to  a 
hone  which  is  not  always  of  this  colour,  and 
which  formerly  was  conflicted  to  be  a fteatite, 
or  talc.  This  hone  is  brilliant,  like  mother-of- 
pearl,  unctuous  to  the  touch;  when  folid  it  has  a 
fpecific  weight  of  3,0966;  it  has  fo  little  hard- 
nefs  that  it  never  fcratches  glafs  ; it  is  even 
ffloft  frequently  pliant  or  friable.  It  lias  no, 
cryftalline  form,  and  only  affirmes  that  of  la- 
minas. Two  varieties  of  it  are  di  ft  dignified  ; 
the  one. of  a pearly  and  fiver  whitenefs,  the 
other  of  a dark  green,  dire  latter  is  frequently 
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d idem  mated  between  the  layers  in  the  interior 
of  the  cryftals  of  quartz. 

M.  Hocpfner  and  Citizen  Van  quel  in  have, 
fever  ally  analyzed  the  chlorite  ; the  differ- 
ence- between  their  refults  is  fo  sweat  that  we 

O 

ihould  he  induced  to  think  that  they  did  not 
both  examine  the  fame  ftone.  The  former 
found  it  to  contain  nearly  one  half  of  magnefia, 
.whilft  the  latter  did  not  find  in  it  more  than 
one  tenth  ; the  one  fays  it  contains  lime,  which 
the  other  did  not  find  in  it  ; the  proportions  of 
iron,  and  of  alumine  indicated  by  each  differ 
effentially.  Citizen  Vauquelin  fays,  it  contains 
0,43  of  oxide  of  iron,  which  aimed:  gives  this 
fuh  fiance  a title  to  be  ranked  am  on  y it  the  ores; 
whilft  M.  Hocpfner  eftimates  it  at  only  a little 
more  than  one  tenth.  Citizen  Vauquelin  finds 
in  it  an  alkaline  muriate,  and  Water  in  final! 
quantity  ; M.  Hoepfner  mentions  neither  the 
one  nor  the  other  of  thefe  fiibftances. 

53.  The  made.  The  word  made  fignifies  a 
lozenge  or  rhombus,  hollowed  out,  or  concave, 
parallel  with  its  tides  ; it  here  denotes  a very 
Angular  ftone  ill  quadrangular  prifms,  the  faces 
of  which  are  inclined  at  Q 5 degrees  and  85  de- 
grees, prefen  ting  in  their  frafiture  indications  of 
laminæ  parallel  with  the  faces,  and  others  in 
two  different  directions.  ri  lie  tranfverfe  feet  ion 
of  thefe  prifms  prefents  a blackifii  rhombus  in- 
ferted  into  another  of  a whitilh  colour,  with 
four  other  fmaller  black  rhombufes  fituated  at 
the  angles  of  the  whitifh  rhombus,  and  con- 
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îieéled  with  the  central  one  by  lines  of  the  fame 
colour.  This  appearance  reprefents  a kind  of 
crois  ; fometimes  the  lines  which  form  the  con- 
nections between  the  rhombufes  are  ramified  in- 
to other  lines  parallel  with  the  tides. 

The  whitifh  part  of  this  ftone  refembles  the 
compact  fteatites  ; the  black  part  generally  di- 
miniilies  in  thicknefs  from  one  extremity  of  the 
prifm  towards  the  other,  fo  that  having  at  firft 
occupied  its  whole  breadth,  it  terminates  in  a 
fknple  filament.  Sometimes  alfo  there  are  only 
the  black  prifms  without  any  white  matter,  and 
in  fome  there  is  nothing  more  than  a whitifh 
pellicle  at  their  furface,  which  is  imperceptible 
unlefs  when  it  is  moiftened. 

'The  matter  of  the  prifm  has  a fpecific  gravity 
equal  to  2,9444  ; that  which  ferves  as  a covering 
to  it  weighs  only  2,7674.  The  made  is  hard 
enough  to  ferateh  glafs  ; its  texture  is  a fine 
and  clofe  grain  ; its  powder  foft  to  the  touch. 
It  has  not  yet  been  analyzed,  and  its  chemical 
properties  are  ftill  unknown. 

54.  Argil . Citizen  Haiiy  only  regards  that 
earth  as  clay  in  which  alumine  iuperabounds* 
He  ranks  the  kaolin  alone  in  that  fpccies.  The 
common  and  coloured  clays,  the  lchifti,  the 
horn-ftones,  the  traps,  the  maries,  the  boles, 
the  fuller’s  earths  belong  to  the  mixtures  ; he 
places  them,  as  well  as  the  grit-ftones,  the  gra- 
nites, the  porphyries,  and  all  the  rocks  in  ge- 
neral, in  the  appendix  to  his  method.  The 
characters  of  the  clay  which  we  now  treat  of 
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are  very  definite  and  very  eafiîy  underftood.  It 
is  opaque,  earthy,  friable,  foft,  unctuous,  and  as 
it  were  foapy  under  the  finger,  adhering  to  the 
tongue,  forming  a pafte  with  water,  infufible 
by  heat,  hardening  by  baking,  and  affording, 
by  long  maceration  in  fulphuric  acid,  an  acid 
fulphate  of  alumine,  which  eafily  becomes  alum 
by  the  addition  of  a little  pot-aih  or  ammonia. 
It  is  of  great  ufe  in  making  porcelain. 

55.  Thefe  forty-five  ftony  fubftances  are  the 
types  or  original  reprefentation  of  the  earthy 
combinations  hitherto  known,  and  form  fo 
many  diftindt  fpecies  which  fhould  be  regarded 
as  a feries  of  unities  very  detached  from  each 
other.  Though  all  the  ftony  productions  may 
be  referred  to  thefe  combinations,  it  frequently 
happens  that  nature  prefents  them  in  fuch  mix- 
tures as  render  it  impoffible  any  longer  to  cliff 
cover  the  fubftance  which  forms  its  leading 
compound  part,  particularly  when  the  mixture 
takes  place  in  variable  proportions.  The  me- 
thod cannot  be  applied  farther  to  thefe  com- 
pounds, of  which  the  primitive  component  parts 
are  comprifed  in  the  firft  di (tin étions,  except  in 
the  form  of  appendix.  This  is  what  Citizen 
Iiaiiy  has  clone  with  regard  to  all  the  mixed 
ftones  or  rocks  which  the  geologift  rauft  ftudy, 
becaufe  they  form  the  mafs  of  the  mountains, 
and  of  the  whole  globe.  Thefe  mixed  ftones 
may  be  divided  into  three  orders.  The  firft 
belongs  to  the  aggregates  formed  from  the 
union  of  contemporaneous  fubfiances  which 
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have  cryftallized  together  in  the  lame  folution  ; 
thefe  are  the  rocks  compoling*  the  primitive 
earths. 

The  fécond  order  includes  the  ftony  aggre- 
gates of  more  recent  origin  ; Termed  by  dif- 
pofi-tion  and  drying,  as  the  maries,  the  fchifti  ; 
they  frequently  include  the  acidi ferons  com- 
pounds, or  the  earthy  faits  which  will  be  treated 
of  in  the  following  feétion. 

Laftlv,  in  the  third  order  are  arranged  the 
aggregates  formed  by  the  re-union  of  the  frag- 
ments of  ancient  ftony  fubftances  connected 
by  a cement,  fuch  as  the  pudding-ftones,  the 
breccias,  and  the  grit-ftones. 

56.  To  explain,  and  methodically  to  arrange 
thefe  mixed  or  aggregated  hones,  of  which  the 
nature,  proportion,  or  refpedlive  pofition  in  the 
earth  enable  the  geologift  to  determine  the  an- 
tiquity,  the  formation,  and  the  revolutions  of 
the  malles,  or  countries  which  they  compofe. 
Citizen  Hally  adopts  a nomenclature  which 
points  out  what  the  eye  can  perceive  in  each 
piece,  by  deferibing,  under  a generic  name,  the 
principal  ftony  fubftances  which  predominate  in 
the  fame,  by  fome  times  adding  the  names  of  thofe 
which  accompany  this  hrh  principle,  and  ano- 
ther expreffion  which  announces  the  relative 
mode  of  exigence  of  thefe  materials,  as  foliated , 
amygdaloid , & c.  Thefe  methodical  denomina- 
tions, derived  from  the  primitive  names,  and 
much  preferable  to  thofe  of  granite , ferpentine , 
porphyry , gneifs , are  appropriated  unequivo- 
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cally  to  indicate  the  groups  of  real  fpecies 
which,  by  their  aggregation,  form  the  mixed 
ftones.  The  fame  is  the  cafe  with  the  volcanic 
products  the  exposition  and  claffihcation  of 
which  form  a fécond  appendix  in  the  French 
mineralogy. 


Section  Fifth. 

Concerning  the  general  Proceffes,  or  the  Method  of 
Analpfis  employed  by  Modern  Chemijls  to  dij cover  the 
Compofition  of  Stones. 

1.  THE  fir  ft  operation  confiffs  in  reducing 
the  hone,  which  is  to  be  analyzed,  into  as  fine 
particles  as  poffible.  For  this  purpofe  it  is 
pounded  with  water  in  a mortar  of  agate  or 
which  is  hill  better,  of  filex.  When  the  wa* 
ter  becomes  milky,  it  is  poured  off,  and  more 
is  added,  which  is  alfo  poured  off  under  the 
like  circumftances  ; and  this  is  to  be  repeated 
till  nothing  more  remains  in  the  mortar.  All 
this  water  muff  be  referved  in  a veffel  adapted  tp 
permit  the  fiony  particles  to  fubfide.  When  the 
water  has  become  fufficiently  limpid,  it  is 
drawn  off  clear,  and  the  powder,  which  is  found 
at  the  bottom  of  the  veffel,  is  well  dried. 

One  hundred  parts  of  this  powder  are  taken 
and  put  into  a crucible  of  pure  filver,  with  three 
times  as  much  dry  cauftic  pot-afli,  prepared  by 
alcohol  ; this  is  heated,  and  the  degree  of  heat 
Vol.  IF  G g is 
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is  fo  managed  that  the  crucible  is  ignited,  but 
not  filled. 

After  having  kept  the  crucible  for  half  an 
hour,  or  three  quarters  of  an  hour  in  the  fire,  it 
is  left  to  cool,  and  when  it  is  well  cleaned  on 
the  outfide,  it  is  put  into  a capfule  of  glafs,  or 
of  porcelain  ; which  is  filled  with  water  to  di- 
lute the  matter  which  it  contains. 

2.  All  the  fufed  mais  being  diffufed  in  a fuf- 
ficient  quantity  of  water,  and  placed  in  the  cap» 
fuie,  fome  muriatic  acid  is  thrown  on  it,  which 
at  firft  precipitates  the  filex,  and  the  alumine, 
but  by  adding  greater  quantity  rediffolves  tliefe 
two  earths,  as  well  as  thofe  which  are  infoluble 
in  the  alkali,  and  confequently  not  diffolved  in 
the  water;  there  only  remains  at  the  bottom 
of  the  liquor  thofe  parts  of  the  hone  which  were 
not  decompofed,  or  diffolved  by  the  alkali, 
Tliefe  laft  mult  be  again  treated  in  the  fame 
manner,  till  the  whole  is  diffolved  in  the  muri- 
atic acid. 

The  folution  is  then  evaporated  to  drynefe,  a 
little  muriatic  acid  is  added  to  replace  that 
which  the  alumine  might  have  permitted  to 
efcape,  and  the  product  of  this  evaporation  is 
diffolved  in  diftilled  water.  After  having  been 
thus  heated,  the  filex  becomes  infoluble  in  the 
acids,  and  remains  at  the  bottom  of  the  liquor; 
it  is  collected  on  the  filter  ; then  ignited  in  the 
iilver  crucible,  to  difengage  the  water  which  it 
obftinatelv  retains,  and  laftly  it  is  weighed. 

3.  All 
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3.  All  the  earths  which  have  been  dilfolved 
by  the  muriatic  acid,  are  afterwards  precipitat- 
ed by  an  alkaline  carbonate,  for  example,  by 
that  which  is  obtained  by  the  combuftion  of 
tartar  by  nitre. 

After  having  well  walked  and  dried  the  pre- 
cipitate, it  is  treated  with  a flight  folution  of 
cauftic  pot-afh,  prepared  by  alcohol.  The  alu- 
mine is  dilfolved,  and  after  having  feparated  the 
other  pulverulent  earthy  fubflances  by  the  filter, 
the  alkaline  folution  is  faturated  with  an  acid,  of 
which  is  added  a quantity  fufficiently  great  to 
rediffolve  the  alumine.  It  is  precipitated  again 
by  an  alkaline  carbonate,  fuch  as  that  which 
has  been  mentioned.  The  precipitate  is  then 
walked,  dried  by  a red  heat,  and  weighed.  The 
portion  of  alumine  is  thus  feparated. 

4.  The  other  earthy  fubftances,  which  were 
not  attacked  by  the  cauftic  alkali,  are  treated 
with  muriatic  acid.  When  all  is  dilfolved,  the 
lime,  the  magnefta,  and  the  oxide  of  iron,  are 
precipitated,  if  prefent,  by  a folution  of  cauftic 
pot-afh  prepared  by  alcohol.  The  precipitate  is 
feparated  ; the  muriate  of  barites  which  may 
remain  in  the  liquor,  and  which  could  not  be 
decompofed  by  the  pot-afh,  is  precipitated  by 
fulphuric  acid  ; this  new  precipitate  is  dried, 
and  its  weight  indicates  that  of  the  barites, 
the  proportions  of  the  fulphate  of  barites  being 
known,  as  will  be  mentioned  elfewhere. 

The  feparation  of  the  lime  and  of  the  mag- 
nefia  is  very  difficult,  and  can  never  be  perfed, 
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To  approach  to  it  as  much  as  poffible,  the  preci- 
pitate, formed  by  the  alkaline  folution,  is  redif- 
ibived  in  muriatic  acid,  and  this  muriatic  folu- 
tion  is  evaporated  to  the  confiftence  of  a fyrup. 
The  lime  is  then  precipitated  by  concentrated 
fulphuric  acid  ; it  is  proper  not  to  wafh  the  pre- 
cipitate too  much,  becaufe  the  fulphate  of  lime 
is  folublé  in  five  hundred  times  its  weight  of 
water.  The  wafhed  and  dried  précipitât 3 in- 
dicates the  quantity  of  the  lime. 

Magnefia  may  be  precipitated  by  a cauftic  al- 
kali, or  by  an  alkaline  carbonate  which  fhould 
not  be  too  much  faturated  with  acid,  becaufe 
the  magnefian  carbonate  would  remain  in  folu- 
tion. In  the  firft  cafe,  pure  magnefia  will  be 
obtained  ; in  the  fécond,  there  will  be  a car- 
bonate of  magnefia. 

5.  If  iron  be  prefent,  which  is  always  proba- 
ble, it  mu  ft  be  precipitated  from  the  preceding 
folution  before  the  magnefia  is  treated  ; there 
are,  for  this  purpofe,  two  methods  equally  good. 
The  iron  may  firft  be  precipitated  by  an  alkaline 
pruffiate,  a fait  which  will  be  treated  of  in  the 
lebfion  upon  animal  matters,  and  the  magnefia 
may  be  afterwards  precipitated  by  an  alkali,  or 
by  an  alkali  perfectly  faturated  with  carbonic 
acid.  The  carbonate  of  iron  will  be  precipitat- 
ed ; and  after  being  wafhed,  dried,  and  weigh- 
ed, the  weight  of  the  iron  will  ealily  be  known. 
The  folution  is  then  boiled,  which  permits  the 
carbonate  of  magnefia  to  precipitate  in  propor- 
tion 


ANALYSIS  OF  STONES. 


453 


lion  as  the  carbonic  acid,  which  diffolves  it,  is 
difen  gaged. 

b.  Zircone  has  only  yet  been  found  in  com- 
bination  with  flex,  and  a little  oxide  of  iron,  in 
the  jargon  and  the  hyacinths  ; the  method, 
which  has  been  fuccefsfully  employed  to  fepa- 
rate  thefe  three  fubftances,  and  to  determine 
their  relations,  is  the  following.  Thefe  hones 
are  carefully  pulverized  ; they  are  heated  in  a 
crucible  of  filver  and  of  platina,  with  four  times 
their  weight  of  dry  cauftic  pot-afh,  till  the 
whole  is  ftrongly  ignited,  and  in  clammy  fiiiion 
in  all  its  parts.  The  matter  is  diluted  in  a 
fufficient  quantity  of  water,  and  it  is  then  dif- 
folved  in  muriatic  acid.  If  the  operation  has 
been  well  made,  there  will  not  remain  any  thine: 
undiifolved,  The  folution  is  then  evaporated 
bv  a gentle  heat  till  it  has  taken  the  coniiftence 
of  a loft  pafte;  this  paite  is  diluted  with  water; 
and,  by  this  means,  the  muriate  of  zircone  is 
dilfolved,  and  the  flex  remains  at  the  bottom  in 
the  form  of  a white,  granulated  powder,  the 
weight  of  which  is  taken  after  it  1ms  been  wmih- 
ed  and  ignited. 

To  have  the  zircone  pure,  the  folution  is  eva- 
porated again  to  dry  nefs,  in  order,  that  if  the 
muriatic  acid  have  retained  fome  portions  of  ii- 
lex,  it  ihall  permit  them  to  efeape  by  this  new 
evaporation.  When  it  has  depofited  the  iilex, 
the  matter,  diluted  with  water,  is  then  filter- 
ed, and  the  zircone  is  precipitated  by  a c initie 
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alkali,  and  after  being  wafhed,  and  dried,  it  is 
weighed. 

7.  We  have  not  yet  any  very  certain  and 
very  exaét  means  of  feparating  zircone  from  the 
oxide  of  iron  : that  which  appears  leaft  inac- 
curate, is  ftrongly  to  ignite  the  combination  of 
thefe  two  bodies,  then  to  pulverife  it  very  fine- 
ly, and  macerate  for  feme  hours  in  muriatic 
acid  ; by  this  means,  almoft  the  whole  of  the 
iron  is  carried  off  without  fenfibly  diffolving 
the  zircone.  But  if  it  be  afterwards  defired  to 
combine  this  earth  with  the  acids,  in  order  to 
form  faits,  it  will  be  neceffary  to  treat  it  again 
with  three  or  four  parts  of  cauftic  alkali  in  a 
filver  crucible,  and  proceed  as  was  done  with 
the  jargon  or  the  hyacinth.  If  the  zircone 
fhould  hereafter  be  found  combined  at  the  fame 
time  with  filex,  alumine,  and  lime,  it  may  al- 
ways eafily  be  feparated  by  redifiolving  the 
alumine  in  cauftic  alkali,  and  afterwards  preci- 
pitating the  zircone  by  ammonia,  which  does 
not  feparate  the  lime,  &c. 

8.  Glucine  was  firft  difeovered  in  combina- 
tion with  filex,  with  alumine,  with  lime,  the  ox- 
ide of  iron,  or  the  oxide  of  chrome.  The  pro- 
cédés for  fufing  and  feparating  the  filex  are  the 
fame  as  for  all  the  other  ftoncs  which  contain 
that  fubftance  : then  the  alumine,  glucine,  and 
the  oxide  of  iron,  or  chrome,  are  precipitated 
from  the  muriatic  folution  by  the  ordinary  al- 
kaline carbonate  ; and,  after  haying  walked  the 
depofition,  it  is  diffolved  in  fulphuric  acid  ; to 
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this  is  added  a fmall  quantity  of  potafh  and  it 
is  evaporated.  When,  by  a feries  of  fuccefiive 
evaporations  and  cryftallizations,  the  whole 
quantity  of  odlahedral  alum  which  the  liquor 
can  afford  is  taken  away,  the  mother  water  is 
diluted,  and  a iolution  of  carbonate  of  ammo- 
nia is  mixed  with  it  till  it  poffeffes  an  excefs 
perceptible  to  the  fmell  and  the  tafte.  By  this 
means  the  gducine  is  intirely  diffolved,  and  tliQ 
little  alumine  which  may  yet  continue  mixed 
remains  at  the  bottom  with  the  oxide  of  iron  or 
of  chrome.  The  gducine  is  then  procured  by 
boiling  its  Iolution  in  the  carbonate  of  ammonia 
for  fome  time  ; it  falls  down  in  the  form  of  a 
white,  granulated  powder;  and  is  eafily  freed 
from  its  carbonic  acid  by  ffightly  igniting  it 
in  the  hiver  crucible.  The  oxide  of  chrome  or 
of  iron  is  then  feparated,  by  treating  the  matter, 
precipitated  by  the  carbonate  of  ammonia,  with 
cauftic  pot-afh;  the  alumine  is  diffolved,  and 
the  one  or  the  other  of  thefe  oxides  remains 
pure. 

9 . When  the  deficiency  which  is  found  in  the 
analyfis  of  a ftone,  made  by  the  ordinary  means, 
gives  caufe  to  luppofe  that  it  contains  pot-afh, 
it  is  neceflary  to  treat  it  with  the  acids,  after 
having  reduced  it  into  a very  fubtile  powder. 
The  fulphuric  acid  appears  belt  fui  ted  for  this 
operation,  as  being  the  moft  fixed  and  the 
ftrongcft;  of  this  acid  ten  or  twelve  times  the 
Weight  of  the  ftone  is  ufed,  particularly  when 
it  is  vcrv  hard.  It  is  boiled  for  twelve  hours 
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in  a matrafs  with  a long  neck,  and  ftill  better 
in  a crucible  of  platina;  the  mixture  is  then 
placed  in  a capfule  of  porcelain,  where  it  is 
evaporated  to  perfect  dry  nefs  ; the  mafs  is  then 
diluted  in  boiling  water,  and  it  is  walked  till  it 
becomes  taftelefs  ; all  the  walkings,  put  together, 
are  then  precipitated  by  ammonia.  If  the  acid 
has  dilfolved  alumine  and  iron,  they  are  thrown 
down  : the  folution  is  then  filtered  and  evapo*? 
rated  to  drynefs  ; the  refidual  mafs  is  re-diffoly- 
ed  in  water  and  filtered,  if  it  has  depofited  any 
thing  which  may  not  be  fulphate  of  lime.  The 
liquor  is  again  evaporated  * and  w hen  it  is  re- 
duced to  drynefs,  the  fait  which  remains  is  ig- 
nited in  a crucible  of  platina  till  it  emits  no 
more  white  fumes.  A refidue  is  left  in  the  cru- 
cible ; it  is  fulphate  of  pot-afh,  which  is  eafily 
diftinguifhed  by  characters  which  will  loon  be 
indicated.  If  foda  fhould  exift  in  foine  ftony 
compounds,  it  may  be  difcovered  by  the  fame 
procefs,  and  it  may  be  diftinguifhed  by  the  fait 
very  different  from  the  preceding,  which  it  forms 

■with  the  fulphuric  acid. 

10.  If  the  oxides  of  iron,  of  manganefe  and 
of  chrome  fhould  be  at  any  time  met  with  com- 
bined in  a ftone,  they  are  all  three  feparated  at 
once  from  the  earths,  as  was  before  obferved, 
and  then  they  are  treated  as  follows.  After 
heating  them  in  a crucible,  they  are  boiled  with 
acetous  acid  ; this  will  dilfolve  the  manganefe 
and  the  chrome  ; the  iron  will  remain  undiffolv- 
cd  ; or  if  there  be  fome  portion  dilfolved,  it  will 

be 
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be  precipitated  by  evaporation.  The  chrome 
and  the  manganefe  may  be  precipitated  by 
an  alkaline  carbonate  ; the  precipitate  is  then 
to  be  heated  in  a dole  veil'd,  in  order  to  oxide 
the  manganefe,  and  it  muft  then  be  boiled  with 
weak  nitric  acid.  The  oxide  of  chrome  will  be 
dillblved,  but  that  of  manganefe  will  not. 

1 1.  The  fubftances  which  have  been  pointed 
out  as  exilting  in  ftones,  may  form,  as  may  be 
ealily  conceived,  an  infinite  number  of  different 
combinations  ; but  their  feparation  will  always 
be  obtained,  by  attending  well  to  the  properties 
which  charaderize  each  of  them  ; it  would  be 
ufelefs  to  enter  into  any  longer  details  in  this 
place.  In  the  following  fedion,  where  the  pro- 
perties of  faline  fubftances  are  treated  at  length, 
many  other  procelfes  are  given  to  difcover  and 
feparate  each  of  the  earthy  matters,  and  in  par- 
ticular ftrontian  which  has  not  hitherto  been 
treated,  becaufe  it  is  not  yet  met  with  in  com- 
pounds purely  ftony,  but  only  in  the  acidiferous 
or  faline  combinations.  We  muft  be  content- 
ed with  obferving  here  that  if,  by  chance,  one 
of  its  faline  compounds  fiiould  be  found  to  form 
a part  of  a Hone,  particularly  with  another  com- 
pound, analogous  to  the  bale  of  barites,  which 
very  frequently  accompanies  thofe  of  ftrontian, 
the  prefence,  the  nature,  and  even  the  propor- 
tion of  this  laft  may  be  determined  by  boiling 
the  pulverized  ftony  matter  with  three  times  its 
weight  of  an  alkaline  carbonate  in  folution  ; 
by  treating  the  pulverulent  refid ue,  which 

would 
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would  contain  carbonate  of  ftrontian,  with  mu- 
riatic acid  ; and  the  muriate  of  ftrontian,  which 
is  obtained  by  this  treatment,  being  firft  dif- 
folved  in  water,  then  evaporated  to  dry  nefs, 
and  then  diffolved  in  five  or  fix  times  its  weight 
of  alcohol  ; if  this  laft  folution,  after  cooling, 
fhould  contain  the  muriate  of  ftrontian,  it  will 
burn  with  a purple  flame,  and  may  be  precipi- 
tated by  a very  pure  alkaline  carbonate,  fo  as  to 
give  the  proportion  of  its  earth. 
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SEC.  VE 


T ABLE 

OF  THE 


Analyfis  of  Stones,  made  by  different  Chemifts. 


Silex 

Alumine 


L Quartz . 


By  Bercmann. 


93 

6 


Lime 


1 


II.  Silex. 


Flint  oj  a grey  black.  By  M.  Klaproth. 


Silex 

98 

Oxide  of  iron 

0,25 

Lime 

0,50 

Volatile  parts 

1 

Alumine 

0,25 

Opal.  By  M.  Klaproth, 

Silex 

go 

Water 

10 

Calcedony  of  Ferro. 

By  Bergmann. 

Silex 

84  J Alumine 

16 

The  Same . By 

M.  Bindheim. 

Silex 

Alumine 

2 

Lime 

\ a 

Iron 

2 

Hydrophane , 
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liydrophane . By  M.  Wiegleb,' 

•Silex 

83 

Iron 

o,5 

Alumine 

5 

Water 

5 

Hydrophane . By 

M.  Klaproth. 

Silex 

93>125 

Volatile  parts  and 

Alumine 

1*625 

water 

5j25° 

Pcchjlrin » By  M.  Gmelin* 

Silex 

9° 

Iron 

3 

Alumine 

7 

By  M, 

W IEGLEB. 

Silex 

80 

Lime 

02 

Alumine 

13 

Silex.  By  Citizen  Vau  que  lin. 

Silex 

97 

Lofs 

n 

Alumine  and  Oxide  of 

Iron 

1 

III.  Zircone . 


By  M.  Klaproth, 


Zircone 

69 

Oxide  of  Iron 

0,50 

Silex 

26,50 

Lois 

4 

By  M.  WlEGLEB. 

Silex 

87,50 

Oxide  of  Iron 

2,50 

Magnelia 

3>3o 

Lofs 

4 

Lime 

2,67 

Hyacinth.  By  M.  Klaproth. 

Zircone 

7G 

Oxide  of  iron 

0,50 

Silex 

2 5 

Lois 

4>5® 

Hyacinth.  By  Citizen  Vauquelin. 

Zircone 

64,5 

Oxide  of  iron 

2 

Silex 

9 2 

0 

Lois 

b5 

Hyacinth 
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Alumine 

Silex 

Lime 


Hyacinth . By  Bergmann. 

40  Oxide  of  iron 

2 5 Lofs 
20 


*3 

2 


Hy acinth  of  Expailli,  By  Citizen  Vauque lin» 


Zircone 

Silex 


66  I Iron 
3 1 I Lofs 


£ 

8 


IV.  Blue  Telefia. 

By  M.  Klaproth» 

Alumine^  98,50  | Lime 

Oxide,  of  iron  1 I 


Silex 

Alumine 


By  B ERGMANN, 

35  Lime 
58  Iron, 


0,50 


5 

2 


V.  Cymophane . 


By  M.  Klaproth* 


Alumine 

7L5° 

Silex 

1 

Lime 

6 

Lofs 

3 

Oxide  of  iron 

L5° 

VI.  Ruby. 

By  M,  K 

LAPROTH. 

Alumine 

74j5° 

Oxide  of  iron 

1,50 

Silex 

L5?  5° 

Lime 

0,7  5 

Magnefia 

8,25 

By  Citizen  Vauquelin. 

Alumine 

82,47 

Chromic  acid 

6,18 

Magnefii 

8>?  3 

\ Lois 

2>57 

VII.  Topaz 
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VII.  Topaz  of  Saxony. 

By  Citizen  Vauquelin. 


Silex 

31 

Lofs 

i 

Alumine 

68 

By  Bergman N» 

Alumine 

46 

Lime 

8 

Silex 

39 

Iron 

s / 

6 

By  M.  WlEGLEBo 

Alumine 

44 

Lime 

% 

Silex 

Ça 

Iron 

1 

VI IL  Emerald . 

By  Citizen  Vauquelin, 

Silex 

64j5° 

Oxide  of  chrome 

Alumine 

15 

Lime 

1,60 

Glucine 

H 

Volatile  matters 

1 

By  Bergmann. 

Alumine 

60 

Lime 

8 

Silex 

24 

Iron 

6 

By  M.  K 

LAP ROT H. 

Silex 

66,25 

Oxide  of  iron 

0 

V* 

Or 

O 

Alumine 

3 1 5 25 

IX. 

Bail. 

By  Citizen  Vauquelim. 

SileX 

69 

Oxide  of  iron 

J 3 

Glucine 

16 

Lime 

Alumine 

*3 

G?  . » * J 

By  M.  BiNDHEiwt* 

• ^ 

Silex 

64 

Lime 

8 

Alumine 

27 

Iron 

2 

X.  Euchfe , 
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X.  j Euclafe. 

It  has  not  vet  been  analyzed, 

J i 


XI.  Garnet. 


By  M.  Klaproth. 


Silex 

40 

Magnefia 

10 

Alumine 

28,50 

Lime 

3>25 

Oxide  of  iror^ 

16,50 

Oxide  of  manganefe 

0,25 

By  M.  Achard. 

Silex 

Alumine  ' 

4s 

Lime 

1 1 

3° 

Iron 

10 

By  M.  WlEGLEB. 

Silex 

36 

Iron 

28 

Lime, 

3° 

Silex 

Alumine 


XII.  Leucite . 


By  M.  Klaproth. 


54 

O £ 


Pot~afh 


Silex 

Alumine 


By  Bergmann. 

55  Lime 
39 


Silex 
Alumine 
Oxide  of  iron 


By  Citizen  Vauouelix, 


,53  Lime  » 
i8  Pot-aOi 
6 


22 


9 


2 

i8 


XIII.  Idocrafe. 

Not  yet  analyzed. 


XIV.  Fddt- 
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XIV.  Feldt-Spar. 

By  M.  Morell. 

Silex 

62 

Sulphate  of  lime 

3© 

Alumine 

19 

W ater 

2 

Magne  fi  a 

4 

By  M.  Westrumb. 

Silex 

62 

Sulphate  of  barites 

2 

Alumine 

18 

Water 

2 

Lime 

6 

Iron 

1 

Magnefîa 

é 

Lofs 

3 

By  M.  Scopoli* 

Silex 

63 

Lime 

2 

Alumine 

Iron 

7 

Magnefia 

6 

Water  and  Lofs 

5 

By  Citizen 

Fabronî. 

Silex 

55 

Magnefia 

4 

Alumine 

36 

Iron 

5 

Barites 

2 

Feldt-Spar . By  M.  Meyer» 

Silex 

74 

Lime 

0,1 

Alumine 

24 

Iron 

0,1 

Green  Feldt-Spar  of  Siberia . 

By  Citizen  Vauquelin. 

Silex 

62,83 

Oxide  of  iron 

1,0 

Alumine 

17,° 

Pot-afh 

16,0 

Lime 

3>° 

Lofs 

0,15 

XV.  Petro-Siler . 

/ 

By  M.  Kirwan, 

Silex 

72 

Lime 

€ 

Alumine  2 2 


XVI.  Corindon » 
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XVI.  Corindon, 

By  M.  Klaproth. 


Alumine 

84 

Silex 

6,5° 

Oxide  of  iron 

7>5° 

XVI L Cey  Ionite . 

\ 

By  Citizen 

Descotils. 

9 

Silex 

2 

Oxide  of  iron 

16 

Alumine 

68 

Lofs 

O 

M' 

Magnefra 

12 

XVIIL 

Axinite . 

« 

By  M.  K 

LA  P R©T  H * 

Silex 

52>7 

Oxide  of  iron,  and  of 

Alumine 

25,6 

manganefe 

9,6 

Lime 

9>4 

XIX.  Tourmaline. 

By  Bersmann. 

Silex 

34 

Lime 

1 1 

Alumine 

54 

Iron 

05 

Tourmaline,  of  Ceylon.  By  Citizen  Vauquelim* 

Silex 

40 

Oxide  of  manganefe 

' 2,5 

Alumine 

39 

— ■ — of  iron 

12,0 

Lime 

4 

Lofs 

2>5 

XX.  Amphibole. 

By  M.  Kirwan. 


Silex 

37 

Magnefia 

16 

Alumine 

22 

Iron 

23 

Lime 

2 

Vol.  IL 

H h 

By 
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Silex 

Alumine 

Magnefia 

l" 


By  M.  Heyer. 

52  1 Lime 
23  Iron 
6 

XXL  A Binote. 

Not  analyzed. 


7 

1? 


XXII.  P yroxcnc. 


By  Citizen  Vauquelin. 


Silex 

52>oo 

Oxide  of  iron 

14,66 

Lime 

13  AO 

Manganefe 

2,00 

Alumine 

3s33 

Lofs 

4,81 

Magnefia 

xo,oo 

By  Bergmann. 

Silex 

58 

Magneda 

* 1 

Alumine 

0 M 
/ 

Iron 

Q 

1/ 

Lime 

4 

XXIII.  Xf  a « ■rati de , 

By  M.  IIeyer. 


Silex 

Barites 

Of  Saint 

Alumine 

Silex 

Oxide  of  iron 


44 

24 

\ 

Gothard . By 

47,06 

3°>59 

^S0 


Alumine 

Lois 

Citizen  Vau 

Lime 

Lois 


20 

12 

ÜËL1N. 

3 >°o 

4,05 


Of  Brit  any. 

Silex 
Alumine 
Oxide  of  iron 


By  Citizen  Descot  ils. 


48 

27 

9>5 


Lime 

Oxide  of  Manaanefè 

O 


DO 

0 5 5 


XXIV. 
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XXIV. 

Thallite. 

By  Bergmann. 

Silex 

64 

Lime 

9 

Alumine 

3 

Iron 

4 

Carbonate  of  Magnefia  20 

By  Citizen 

Descot  ils. 

Silex 

37 

Oxide  of  iron 

17 

Alumine 

27 

of  manganefe 

1 ?5 

Lime 

14 

Lofs 

3»S 

XXV.  & mar  civ  dite. 

O 


By  Citizen  Vauquelin. 


Silex 

5° 

Oxide  of  iron 

5, 5 

Lime 

13 

of  chromite 

7>5 

Alumine 

1 1 

of  copper 

L5 

Magnefia 

6 

Lofs 

4?5 

XXVI. 

0 if  unite. 

It  has  not  been  analyzed. 


XXVII.  Dioptafe. 

i % 

Not  yet  analyzed,  fufpefted  to  be  an  ore  of  copper,  accord- 
ing to  fome  experiments  of  Citizen  Vauouelin. 


XXVIII.  Lazuli te. 


S'lex 

Lime 


By  Margraff. 

Sulphate  of  lime 
Iron 


Silex 

Alumine 

Carbonate  of  lime 


M.  Klaproth. 


46 

*4>5 

28 


Sulphate  of  lime 
Oxide  of  iron 
Water 


6, 


XXIX,  Zeolite. 


tO  00  Cl 
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XXIX. 

Zeolite . 

By  Bergmann. 

Silex 

6 o 

Lime 

r8 

A-lumine 

18 

Water 

4 

By  Pelletier. 

Silex 

50 

| Lime 

3 

Alumine 

20 

1 W ater 

2® 

By  Meyer. 

Silex 

5B 

| Lime 

6 

Alumine 

18 

[ Water 

' *7 

By  M.  K 

LAP  ROT  H. 

Silex 

44 

Iron 

5 

Alumine 

30 

W ater  and  air 

a 

Lime 

18 

'( 

XXX. 

Stilbite. 

i 

By  Citizen  Vauquelin. 

Silex 

52 

Water 

28,5 

Alumine 

Lofs 

3 

Lime 

9 

XXXI. 

Prehnüe . 

By  M.  Klaproth. 

Silex 

44 

Iron 

5 

Alumine 

30 

Water  and  air 

2 

Lime 

18 

By  Citizen  Hassenfratz. 

Silex 

43>83 

Iron 

5566 

Alumine 

30=33 

Water 

^83 

Lime 

l8>33 

XXXII.  Chahajia . 

This  ftone  has  not  yet  been  analyzed. 


XXXII L Analcime ? 


COMPONENT  PARTS  OF  STONES»  46$ 


XXXIIL  Analcime , 

It  has  not  yet  been  analyzed» 


Silex 

Alumine 

Lime 


XXXIV.  Sommité. 

By  Citizen  Vauquelin* 

46  Oxide  of  iron 
49  Lofs 
2 


1 

2 


\ XXXV»  Andreolite. 

By  M.  Klaproth. 

Silex  49  j Alumine 

Barites  18  j Water 


16 

*5 


XXXVI,  Peridot 

/ 

By  Citizen  Vauquelin. 

Magnefia  5 1,5  Oxide  of  iron  9. 

Silex  3^  Lofs 


XXXVII.  Mica . 


Silex 
Alumine 
Oxide  of  iron 


By  Citizen  Vauqueliï, 


5° 

35 

7 


Lime 

Magnefia 

Lofs 


XXXVIII.  Cyanite. 

By  Saussure. 

Silex  13  î Magnefia 

Alumine  67  J Iron 


*•33 

^35 

5>32 


5 


By 


to  on 
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Silex 

Alumine 

Magnefia 


By  M.  Struve. 
51  I Lime 
3° 


5 


Iron 

Water  and  lofs 


XXXIX.  Tremolite . 

By  M.  Klaproth. 


Silex 

65 

Oxide  of  iron 

O- 5 

Lime 

58 

Water  and  carbonic  acid  0.6 

Magnefia 

o,5 

XL.  Leucolite. 

By  M.  WlEGLEB. 

Silex 

50  | Alumine 

5® 

XL  I.  Dipyre. 

By  Citizen  Vauquelim, 

Silex 

60 

W ater 

a* 

Alumine 

24 

Lofs 

, 4 

Lime 

10 

XLII. 

AJbeJlos * 

By  Bergman n. 

Sulphate  of  barites  6 

Clay 

3»3 

Lime 

6,9 

Silex 

64 

Magnefia 

1 8,6 

Oxide  of  iron 

1,2 

By  M.  WlEGLEB. 

Magnefia 

48d.5 

Iron, 

4?79 

Silex 

46,66 

XLIII.  Talc. 

By  M.  Kir  wan. 

Silex 

5°  S 

Magnefia 

45 

Alumine 

5 1 

n 1 

XL IV.  Chlorite . 
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XLIV.  Chlorite . 


By  Citizen  Vauouelin. 


Silex 

26 

Muriate  of  foda,  or  pot» 

Alumine 

*N 

00 

rt 

afh 

2 

Magnefia 

8 

Water 

2 

Oxide  of  iron 

43 

By  M.  Hoepfner. 

Magnefia 

43>7 

Alumine 

4,1 

Silex 

37^5 

Iron 

1 2.8 

Lime 

6,2 

XLV.  Made. 

It  has  not  yet  been  analyzed. 


XLVI.  Argil 

its  analyfis  varies,  becaufe  it  is  the  done,  or  earth,  mod. 
capable  of  mixture  ; it  approaches  moll  to  ftones  entirely, 
or  completely  mixed. 


END  OF  THE  SECOND  VOLUME. 
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